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Since  near  the  beginning  of  radio,  aviation  has  depended  on  high- integrity 
communications,  surveillance,  and  navigation  information,  and  its  requirements 
of  any  new  service  are  thus  necessarily  stringent.  While  aircraft  numbers  are 
relatively  small — a  few  thousand  airliners,  a  few  tens  of  thousands  military 
aircraft,  a  few  hundred  thousand  general  aviation  aircraft — more  than  one  and 
one-half  million  people  per  day  fly,  and  depend  on  the  best  and  safest  system 
that  communications  technology  can  offer. 

i'AA  and  the  aviation  community  have  been  studying  the  potential  of  satellite 
services  for  aviation  since  1065.  While  satellite  services  have  clear  and 
obvious  attractions,  their  high  cost  has  up  to  now  prevented  implementation  in 
the  U.S.  and  the  world's  aviation  system.  Recent  developments  of  technology 
and  of  commercial  service  offering  indicate  that  these  services  are  likely  to 
become  cost-effective. 

In  order  to  focus  more  clearly  the  future  role  of  satellites  in  air  traffic 
control,  FAA  analyzed  satellite  system  concepts  which  might  become  acceptable 
to  FAA  and  the  aviation  community,  and  developed  such  concepts  to  the  point 
that  estimates  of  required  radio  frequency  spectrum  might  be  deduced.  In 
doing  so,  it  was  necessary  to  make  a  series  of  assumptions  about  prospective 
changes  in  technology,  the  future  need  for  either  new  services  or  changes  in 
current  services,  the  expected  number  of  participants  in  the  system,  and 
anticipated  distributions  of  aircraft  in  representative  areas. 

i’AA  did  ;iot  assume  that  all  aviation  services  would,  a  priori,  need  to  be 
satellite-based,  but  tried  to  forecast  applications  where  satellites  have 
unique  capabilities  to  serve  aviation  effectively.  In  order  to  meet 
anticipate,  requirements,  satellites  are  likely  to  become  an  important  part  of 

the  avia cion  system. 

FAA  uii.  i Kit  oa.irission  new  studies  by  outside  experts,  but  drew  on  previous 
studies  and  internal  expertise  available  to  it.  The  result  is  a  preliminary 
•  tssessmont.  Much  additional  work,  system  studies,  and  development  will  be 
required  to  bring  these  concepts  to  fruition. 

FAA  examined  a  series  of  potential  satellite  applications  and  selected 
concepts  for  which  spectrum  requirements  could  be  identified.  The  concepts 
build  on  each  other.  In  the  first,  it  is  assumed  that  a  highly  accurate, 
iugh- integrity,  multi-purpose  (not  exclusively  aviation)  satellite  navigation 
service  would  serve  os  the  basis  for  all  air  navigation  except  Category  II  and 
Category  III  precision  approach  and  landing,  and  that  the  navigation 
:.ii  irmnt  ion  will  be  of  sufficient  quality  to  serve  also  as  the  data  source  far 
on  automatic  dependent  surveillance  function,  which  would  be  the  primary 


surveillance  service  of  the  system.  Communications  w_il  be  predominantly 
satellite  commun icat ions ,  heavily  digital  data,  but  with  voice  service 
retained  for  emergency  and  some  routine  party-line  communications.  It  was 
postulated  that  certain  communications,  predominantly  in  high-density  terminal 
ore.is,  might  be  conducted  most  efficiently  ground-to-air  without  using 
satellite  relay,  but  that  such  communications  should  be  conducted  in  the  same 
bind  to  permit  the  simplest  practical  avionics  complement .  Spectrum  was  set 
aside  for  this  function. 

In  the  second  concept,  it  is  assumed  that  automatic  dependent  surveillance 
using  precision  navigation  information  will  not  be  found  fully  acceptable  to 
the  community,  and,  therefore,  a  cooper at ive  independent  surveillance  system 
is  added  and  spectrum  set  aside  for  it.  Two  alternative  cooperative 
independent  surveillance  concepts  are  postulated — one,  a  space-based  evolution 
of  the  Mode  S  Secondary  Surveillance  Radar  System  using  a  system  of 
geosync'nronous  satellites;  the  other  a  synchronized  satellite  ranging  system 
using  a  number  of  geostationary  satellites  and  aircraft-derived  altitude 
informat  ion. 

As  a  third  concept,  it  was  further  assumed  that  cooper at ive  independent 
surveillance  might  not  be  acceptable,  and  spectrum  was  set  aside  for  a 
lioncooperative  "space-based"  system  to  perform  the  same  function  currently 
provided  by  primary  radar.  It  was  recognized  that  such  a  system  lies  far  in 
the  future  and  its  viability  is  subject  to  question. 

The  coojxirative  independent  surveillance  system  may  require  exclusive  spectrum 
allocation  for  aviation,  and  the  spectrum  assigned  is  sized  to  meet  projected 
aviation  needs. 

r'or  communications,  while  the  expected  requirement  is  substantial,  FAA  did  not 
fine  persuasive  reasons  why  such  services  cannot  be  combined  in  acceptable 
ways  with  service  to  other  users.  V/hiio  it  is  expected  that;  a  number  of 
frog  uui.7  a]  locations  r  >'  .  _;•■■<  •,  s  .  i  channels  (or  bandwidth  ivalent  of 

■  fianneis;  will  bo  usai  -r;- i  noou  to  ;*.•  assigned  exclusively  for  aviation, 
sun  ing  of  satellite  plum*  aed,  some  instances,  transponders  or 
frequency  channels  may  oe  possible  if  certain  ground  rules  on  primary  versus 
secondary  service,  including  instantaneous  access,  protection  from 
interference,  and  priority  are  scrupulously  adhered  to.  Ho  compelling  reasons 
were  found  why  such  communication  services  need  to  be  Government-operated  as 
long  as  the  requirements  of  the  responsible  government  air  traffic  service 
authorities  are  met.  Similarly,  the  synchronized-ronging  type  of  cooperative 
i nuopo.idvnt  surveillance  could  lx-  part  of  a  commercial  service,  given  adequate 
guarantees  of  primary  service,  integrity,  and  availability. 

I,  is  roofyinizoG  that;  satellite  sharing  ;xjs.sib  ill  ties  could  be  beneficial  to 
avia- ion,  especially  during  the  introcUict ion  of,  and  transition  to,  a 
satel.i  .  te  (xxiuaunicat  ions  service,  because  ;f  the  possibility  of  shar  ing  the 
nigh  cost  of  space  segment  resources,  however ,  the  projected  aviation 
requ  irement  would  nore  than  fully  utilize  select  rum  equivalent  to  the  bands  new 
aidocuted  to  the  aeronautic.il  mobile  satellite  ( R)  service  and  the  ability  to 
meet  that  requirement  must  not  be  foreclosed,  during  the  transition  period. 
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it  is  expected  that  the  bands  will  not  be  utilized  fully  by  the  aeronautical 
safety  services.  Because  the  aeronautical  requirement  is  likely  eventually  to 
require  all  of  the  spectrum  currently  allocated,  it  is  considered  appropriate 
to  maintain  the  aeronautical  mobile  satellite  (R)  service  as  the  only  primary 
service  in  the  currently  allocated  bands,  with  other  services  which  can  neet 
the  ground  rules  laid  out  herein  designated  as  secondary.  Such  a  designation 
would  assure  clear  precedence  of  aeronautical  safety  services. 

In  determining  this  requirement,  FAA  assumed  that  an  evolution  of  satellite 
t  eel  mo  logy  can  be  expected  in  which  progressively  more  capability  will  be 
practically  achieved,  thereby  easing  the  transition  into  extensive  aviation 
satellite  use. 

While  FAA  considered  predominantly  safety  services,  it  recognized  the 
continuing  requirement  for  operational  control  communications,  and  included  a 
Si xx: tnim  segment  for  such  communications.  This  requirement  was  furnished  by 
ATA/'ARirjC,  and  is  included  as  given.  FAA  recognized  the  potential  for 
aeronaut ica!  public  correspondence,  but  agreed  that  it  is  not  an  aeronautical 
safety  service,  and  therefore  no  spectrum  requirement  is  specified  herein.* 

F.-\A  chose  to  size  the  system  under  the  assumption  that  all  aircraft  in  the 
projected  time  frame  would  require  services.  This  approach,  which  results  in 
a  larger  spectrum  requirement  than  would  be  required  if  only  a  portion  of  the 
aircraft  were  assumed  to  require  services,  is  offset  by  other 
ass ump l  ions — which  nay  be  considered  optimistic  by  some — concerning  the 
pcentinl  for  frequency  reuse,  relatively  high-efficiency  modulation 
tecnuiques,  etc.,  which  tend  to  reduce  the  spectrum  requirement. 

FAA  concluded  chat  the  availability  of  L-band  spectrum  in  paired  channel 
assignments  would  be  a  requirement,  and  that  spectrum  amounting  to  more  than 
the  currently  allocated  1545-1559/1646.5-1660.5  Mlz  aeronautical  mobile 
sac el  1 ice  (U)  bands  is  likely  to  be  required  by  the  year  2010  to  support 
aeronauts:  d  satellite  related  services.  The  summary  requirement  results 
is  a  .  f  i  .  >i:  14 .5  Mix  .  or  trie  downlink  (satellite  to  aircraft)  and  15.95  MHz 
for  'so  sp.  us  ^aircraft  to  suteii  dmo ,  with  an  additional  20  Mlz  (probably  of 
t.»o  15.)  >- 1  )  .w  Mix  raihoiuvt  gat  ion  satellite  band)  reserved  for  the  introduction 
of  noncoop .v  it  i ve  independent  surveillance  using  a  radionavigation  satellite 
oam  1 . 


*F/Y\  concerned  .cseif  with  radio  services  which  ore  classified  by  F2C  and  ITTIA. 
ns  (.ocher  srmr  .d  government  and  r Kin-government  or  exclusively  government,  and 
•i  i  !  if  i.-aess  services  such  as  public  correspondence  which  are  exclusively 

son  -govertunent . 
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X. 


INTRODUCTION  AND  QiJALIFICATKNS 


The  competition  for  the  frequency  spectrum  which  is  currently  allocated 
nationally  and  internationally  to  the  Aeronautical  Mobile  Satellite  (R) 

Service  and  other  aeronautical  radio  services  is  growing  increasingly  intense, 
and  there  is  a  risk  that  spectrum  required  to  serve  aeronautical  functions  in 
the  future  via  satellite  or  terrestrial  services  in  these  frequency  bands  may 
be  lost  if  the  aviation  community  does  not  state  clearly  its  needs  for  the 
future. 

A  number  of  activities  are  underway  to  establish  those  future  aviation  needs. 
Among  them  are  the  ICAO  Future  Air  Navigation  Systems  (FANS)  Committee,  which 
is  charged  with  defining  aviation's  needs  and  the  technology  to  serve  those 
needs  for  the  next  25  years;  the  Radio  Technical  Commission  for  Aeronautics 
S:jeoiai  Committee  155,  User  Requirements  fear  Future  Communications,  Navigation 
and  Surveillance  Systems,  Including  Space  Technology  Applications;  as  well  as 
a  number  of  activities  in  other  countries.  Literally  hundreds  of  concepts  for 
aeronautical  use  of  satellite  services  have  been  offered;  yet  none  have  been 
accepted  by  che  aviation  community,  either  because  the  need  has  not  been  clear 
or  because  the  costs  have  been  either  unknown  car  considered  too  high  to 
warrant  implementation.  However,  there  is  little  doubt  in  the  minds  of  most 
avint  i  v  <p>:‘.  ts  that  •  :■  .  .ite  applications  are  highly  attractive  tor 

avino. ....  .  ;e  aid  u*i*  vi  i.c,  v  ■;  t-of  feet  ive  applications  and  service 
ar  r  ange.  ro. .  >..s  sill  oe  os  t.  x>-.  isneu . 

In  order  to  r.elp  lay  out  prospective  concepts  for  such  satellite  services  and 
to  create  rational  estimates  far  spectrum  requirements,  a  small  group  of 
l  coin. cal  oxjxirts  was  assembled  ay  FM  to  develop  one  or  more  satellite  system 
corrupts  wruti-  might  become  ..oceptable  to  FAA  and  the  aviation  community,  and 
to  Have. op  concepts  to  the  point  where  estimates  of  required  frequency 

spectrum  c.tn  ixt  deduced.  In  doing  so,  it  has  been  necessary  to  make  a  series 
of  r'.sii.  * >t.  i.  ms  .  uxx,t  pr;x;;xjctive  ciiangcs  in  technology,  the  future  need  for 
either-  new  services  or  changes  m  current  services,  the  expected  number  of 
iXirticiiJ-ints  in  the  system,  and  the  anticipated  distributions  of  aircraft  in 
representative  areas  ranging  from  high-density  traffic  environments,  to 
oceanic,  to  low-density  operations  in  developing  parts  of  the  world.  It  was 
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necessary  to  postulate  a  number  of  technical  parameters,  such  as  the  level  of 
achievable  frequency  reuse  in  satellite  systems  through  use  of  spot  beams,  and 
achievable  minimum  channel  spacings  for  voice  and  digital  data  communications. 
Any  analysis  of  this  kind  is,  by  its  nature,  presumptuous  because  it  predicts 
the  future.  But  without  such  predictions,  realistically  and  conservatively 
applied,  no  result  is  achievable.  In  doing  its  work,  the  group  attempted  to 
avoid  assertions  which  would  limit  design  flexibility  for  the  future  or 
restrict  application  of  technologies  anticipated  to  grow.  But  there  is  no 
doubt  that  the  judgment  of  others  and  time  may  lead  to  changes  in  these 
conclusions.  The  result  is  a  preliminary  assessment.  Much  additional  work, 
system  studies,  and  development  will  be  required  to  bring  these  concepts  to 
fruition. 

In  conducting  its  work,  the  (group  did  not  assume  that  all  aviation  services 
would  a  priori  need  to  be  satellite  based,  but  tried  to  forecast  applications 
ami  services  where  satellites  have  unique  capabilities  to  serve  aviation 
effectively.  The  group  was  aware  of  many  studies,  concepts,  and  techniques 
conducted  by  DOT/FAA  and  its  contractors,  as  well  as  NASA  and  DOD,  over  the 
past  20  years.  It  was  aware  of  many  current  proposals  and  the  state  of 
current  technology.  It  was  also  aware  that  technologies  are  changing  rapidly 
aim  that  the  nature  of  tne  aviation  industry  can  be  expected  to  change. 

While  tne  group  did  not  commission  new  studies  by  outside  experts,  but, 
instead,  drew  on  previous  studies  and  internal  expertise  available  to  it,  it 
'.relieves  that  its  conclusions  have  substance  and  deserve  consideration. 


2 .  SUT-MW  PlnJI.'JGS 


Intiygrut  ion  of  Funct  ions 

V; ie  'ji’Ou,)  considered  at  length  the  oenefits  and  liabilities  of  integrating  the 
classic  functions  of  commun  ...cations,  navigation,  and  surveillance.  It  agreed 
o..  a  number  of  basic  ground  rules,  the  most  important  of  which  is  that  no 
system  will  be  acceptable  if  failure  of  a  single  element  could  deprive  the 
system  simultaneously  of  both  navigation  and  surveillance. 

The  group  agreed  further  that  the  traditional  philosophy  of  separation  of 
functions  is  sound,  and  that  backup  should  be  available,  but  that  redundancy 
of  similar  systems  can  serve  in  many  instances  to  protect  against 

s .ng le- element  failures . 


.  aV  i'jut  iV  * 


i-\«  navigation,  the  horizontal  position  can  be  obtained  from  any  suitable  area 
navigation  system  still  m  use  in  2010.  Because  of  the  major  benefits  it 
fir  ,,  me  group  believes  that  a  satellite  navigation  system  will  eventually 
replace  most  ground-based  navigation  systems  for  en  route  operations  and  for 
si i; i.1' .ns i  .r i  approaches.  OPS,  or  a  i  >,.idl  tedinicu.1  evolution  of  it,  is 
.  i.v'iy  io  ixi  t:.at  navpyu .on  systo,... *  further,  the  group  assumed  that  the 

a .  a>iy  capaoiiitiy  of  OPS  ,nh  tx.-come  available  to  civil  users,  and  that 
:  :;>■  eminent  proolems  in  acnieving  coverage,  reliability,  and  integrity  will  be 
icsoivcx.  ay  one  of  several  means.  Should  this  come  true,  it  may  become 
piaos;  i.’..i  La  achieve  precision  approach  operations  to  minimums  of  200  feet  and 
L/2  (current  Category  I)  using  that  satellite  navigation  system.  It  is 

i  ,(>.  mat  IPS  wiii  not  ix  adequate  for  full  (GAT  II  and  CAT  III)  precision 
mm-a  a  mu  binding  services.  It  is  anticipated  that  the  Microwave  Landing 
b  mei.i  .!,.>/  will  provide  that  service. 


•  he  le.xmo  ,  "OPS,"  unless  otherwise  stated,  should  ix>  interpreted  as  the 
nav.ga:  .  «u  system  evolving  from  the  present  GPS  design. 
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FOR  CONCEPT  2  ( Aar  B)  —  ATC  FUNCTIONS 


DOWNLINK  UPLINK 

Paired  L-Band  Paired  L-Band 


*Sjxice  Communications 
(including  automatic 
dependent  surveillance 
reporting  once  every 
10  seconds) 

Digital  3-3  M Iz 

Voice  1.2  Miz 


**Terrestr ial  (Ground-to-Air  )  2.4  Miz 

'Jon-Satellite  Voice  &  Data 
(including  1  MHz  buffer  an 
downlink) 


*Spuce  Communications 

Adjacent  geographic  area  1.0  MHz 

Sex  vices  (where  frequency 
reuse  is  not  possible) 

>*bpav  ■*  Cooper at  ive  Independent  1.0  Miz 
Gurveillance  (System  similar 
ti i  ‘lx ie  S  survei  11  ance 
.dinct ion,  with  independent 

ilt  it  ude  chock) 


2.5  Miz 

1.2  Miz 

1.65  Miz 


1.0  MHZ 


4,0  Miz 


OTHER 

BANDS 


:t.  ut  ive  Independent  i.O  MHz  4.0  MHz 

r u  '  ve !  i  lance  ( Sync’nron i  zed , 
r  rn go-bas i  surveillance 
requiring  aircraft  altimeter 
data  i 


3.9  Miz  10.35  Miz 


i.-  :  r» ,  '  ucies  can  r>e  shared  with  a  secondary  land  mobile  service  which 
;  ;  .gnoiv.'  -*i  in  such  a  manner  as  to  assure  that  the  sharing  conditions  of 

■k" "  .  a  1.  ,  .  u."  c  iui  ly  satisfied. 

**NiA  sh<iranle 

u,, , h 1  y  :x>t  shar.ible 


A 


A 
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FOR  CONCEPT  1  —  ATC  FUNCTIONS 


DOWNLINK  UPLINK  OTHER 

Paired  L-Band  Paired  L-Band  BANDS 

*Space  Communications 
(including  automatic 
dependent  surveillance 
reporting) 

Digital  3.3  Miz  4.8  MIz 

Voice  1.2  Miz  1.2  Miz 

**Terrestr ial  (Ground-to-Air )  2.4  Miz  1.65  MIIz 

Non-Satellite  Voice  &  Data 
( including  1  MHz  buffer  on 
downl ink ) 

*S]*uce  Communications 

Adjacent  geographic  area  1.0  Miz  1.0  MHZ 

Ser vices  ( wher e  fr equency 
reuse  is  not  possible) 


7.9  MHz  8.65  MHz 


*These  frequencies  can  he  soar on  cum  a  secondary  land  robi le  service  .vhich 
.  •,  rnp'  emenuxl  in  such  ..  mac.-'  us  to  assure  that  the  sharing  conn  it  ions  of 
Sect  no..  *T.*-r  are  fui.ly  sacisfico. 
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The  growth  of  technology  nay  nake  one  or  another  transmission  method — FDM, 
spread-spectrum  techniques,  TOM  systems,  etc. — more  attractive  than  others  for 
some  functions.  The  group  believes  that  the  projections  made  here  will  be 
applicable  for  a  variety  of  anticipated  information  transfer  techniques. 

The  group  believes  that  these  projections  may  have  some  value  in  considering 
the  worldwide  situation  for  the  future.  In  the  calculations,  the  projected 
traffic  situation  anticipated  for  the  U.S.  was  used,  but  it  recognized  that 
adjacent  or  related  areas  may  have  lesser  demands  and  may  therefore  use  less 
ambitious  space  systems.  Spectrum  is  identified  to  permit  such  operations. 


L-hANO  St’ HIT  RUM  REQUI REMENTS  PROJECTION 


Ass  a  apt  ions : 


1.  The  system  has  oeen  sized  to  provide  services  to  all  aircraft. 

2.  Most  AIC  functions  are  assumed  to  use  digital  communications,  but  voice 
capability  must  be  available  for  nonroutine,  emergency,  and  some  specific 

functions  (limited  party  lino). 

.  •...•.•vo  minimum  anuvai:.  .  , >. '.out  complement,  all  ATC  and  operational 

'nti  roi  1 j\  Hainan  \  ti  io»  ib>  #  including  terrestrial  ground-to-air 
( n  xx-sui’.  1  i  ite)  services  are  assumed  to  be  at  L-band. 

■t.  ;:<u  tn  station-satellite  spectrum  requirements  are  not  included. 

• .  fro  ;u'*n<  y  sjxjctrur-  requirements  for  GPS  are  not  included  in  these 
‘  ■  .1  at  1  -ns . 

*>.  v.hii"  'esign  studies  have  not  been  done,  there  is  concern  taut  the 
a  ispir  if/  in  ixjw or  Level  between  terrestr  lal-to-aircraf  t  anu 
spaeoernf t-to-aircraf t  transmission  may  cause  teclimcul  difficulties. 

Thor  of  ire,  a  buffer  requiring  an  tdditional  1  fJiz  of  spect  rum  is  3hown  in 
'  .  ;•  •  s;>ec ;  r  un  r  olju  i  r  emei it . 
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which  could  eventually  permit  the  elimination  of  a  variety  of  current  systems, 
such  as  VOR/CME;  Primary  Radar,  and  possibly  Secondary  Radar  in  all  but 
high-density  terminal  areas;  to  substitute  L-band  voice  and  data 
cctnm unicat ions  for  existing  VHF  and  HP  communications  (except  possibly  in 
polar  regions);  and  eventual  removal  of  other  navigation  systems,  such  as 
Loran-C,  OMEGA,  etc. 

In  making  these  postulations,  the  group  did  not  establish  the  timing  for 
withdrawal  of  such  systems,  nor  did  it  decide  whether  they  would  indeed  be 
removed.  The  group  recognized  the  problems  of  transition  and  considered  that 
the  timing  of  withdrawal  of  currently  existing  systems  would  depend  on  the 
implementation  of  the  new  systems,  the  perceived  need  far  retention  by  various 
elements  of  the  aviation  community,  the  willingness  of  governments  and  users 
to  continue  financing  eventually  redundant  systems,  and  a  variety  of  other 
factors . 

The  purpose  here  is  to  identify  spectrum  requirements  for  prospective  future 
systems  without  assuming  or  commenting  on  the  timing  cr  need  for  withdrawal  of 
current  systems. 

SPECTRUM  RQUIREMENTS 


Considering  all  the  foregoing  requirements,  the  following  is  the  task  group's 
projection  or  the  spectrum  anticipated  to  be  required  to  support  aviation 
services  to  the  year  2010.  This  projection  assumes  the  use  of  modern 
technology  to  achieve  spectrum  efficiency  and  high  spectrum  utilization.  It 
is  important  to  note  that  while  the  group  assumed  that  all  aircraft  would 
utilise  the  system  fully  (requiring  more  spectrum  than  if  only  a  portion  of 
tne  aircraft  participated),  fairly  ambitious  assumptions  were  made  about 
technological  progress  in  frequency  reuse,  spacecraft  multiple  beam 
technology,  utilization  efficiency,  etc.  (which  tend  to  reduce  the  spectrum 
requirement) . 


The  task  group  considered  this  concept  important  beca^ise  ct  the  high  level  of 
independence  it  provides  for  the  surveillance  funct: or-  and  the  independent 
altitude  crosscheck  it  provides. 


The  group  also  considered  another  concept,  Concept  13,  using  synchronized 
ranging  via  several  geostationary  satellites  and  altitude  input  from  the 
aircraft.  This  concept  is  significantly  less  independent  relative  to 
Concept  2A,  but  has  merit  since  it  requires  fewer  satellites  and  potentially 
allows  the  use  of  commercial  satellite  services  to  satisfy  this  function. 

Concept  3 — 'Joncooperat ive  Independent  Surveillance  as  a  System  Requirement 

Concept  3  makes  the  same  assumptions  as  those  far  Concept  2,  except  it 
postulates  further  that  cooperative  independent  surveillance  will  not  be  fully 
acceptable  to  governments  and  users,  and  that  a  primary  surveillance  system 
wnic'n  does  not  require  cooperation  by  the  aircraft  will  continue  to  be  a 
requirement.  In  this  concept,  ground-based  radar  will  continue  to  be 
required,  but  space-based  radars  will  bo  needed  for  some  operations,  such  as 
over  oceans,  for  operations  near  the  ground,  and  possibly  to  meet  other 
specialized  requirements.  In  addition  to  the  spectrum  required  for  Concept  2, 
additional  spectrum  w.il  oe  -equi  a.  for  the  space-based  radar.  However , 
because  ,  ,iy  one-way  tr  nno.:.i3s io.-~  are  required  to  support  this  application, 
it  wilt  not  be  performed  in  tn«  paired  1545-1559  MHz  and  1646.5  to  1660.5  MHz 

lv  i  S  . 

It  is  not  considered  that  space-based  primary  radar  for  civil  appl icat ions  is 
a  ne.ur-tarm  jxxisibility;  its  cost  and  complexity  are  likely  to  be  unacceptable 
for  decides  after  its  capabilities  are  demonstrated,  nonetheless,  the 
attractions  of  such  a  capability  should  not  be  foreclosed,  and  spectrum, 
tx  visibly  s<*r.ewtiere  in  a  radionavigation  satellite  band,  should  be  earmarked 
iwt  suen  a  potential. 

Kemov,.  1  .if  ,  1  x  i  s 1 1  ng  Sys  toms 

Tne  problem  of  transition  and  the  eventual  decccuniss  loning  and  withdrawal  of 
systems  was  considered  briefly.  The  group  chose  to  define  system  concepts 


JlQ 


Commercial  satellite  services  are  likely  to  be  the  most  attractive  v*»y  of 
tieeting  these  conmuni  cat  ions  one  deper/dent  surveillance  requirements,  assuming 
stringent  adherence  to  ground  rules  set  out  nerein.  In  this  concept,  there  is 
no  requirement  far  independent  surveill  cu  iCc  /  01  LiiGX’  or-  iniary  ^  dt  i vs ) 

or  cooperative.*  Although  it  is  recognized  that  primary  radar  cry  be  retained 
m  high-density  terminal  areas,  no  new.  -.pocurun  is  anticipated  to  oc  needed 
for  this  purpose.  Broad  carriage  of  independent  collision  avoidance  systems 
continues  to  be  assumed. 


Concept  2 — Cooperative  Independent  Surveillance  as  the  Primary  5ur veil lance 
Source 


Concept  1  assumes  the  integrity  and  reliability  of  the  navigation/ 
conwtunicat i ons  system  to  be  so  nigh  time  it  can  serve  safely  as  die  medium  fear 
automatic  dependent  surveillance  and  navigation  everywhere,  with  apprepr iate 
ociit-in  redundancy  ana  failure  protection  to  assure  Jna-  the  possibility  of 
conir.ton-.:ioue  failures  is  sc,  low  .as  to  be  negligible,  in  Concept  2,  it  .  3 
assumed  chat  governments  and  the  aviation  community  will  not  agree  that 
automatic  dependent  surveillance  con  be  the  primary  surveillance  service 
everywhere.  Tiierefore,  an  additional  cooperative  indepenaeic  surveillance 
.  .w.-  ,  etui,  ing  .  ..jd.  Two  ways  or  a.  -c.  .  .  ..  , 

:  "no.  coiwin  ,r<..  C  -  -  assumes  that  the  Mode  S  3uiv-i_  lance 

syst-.c  a. id  data  ii r..<  wial  r  „.n  use  for  a  long  period,  but  that  a 

upavt-based  cooperative  maependent  aurvaillut.ee  system  (transponder  required 
it  the  aircraft) ,  using  tost  of  the  principles  of  hie  ear  hi -based  Mode  3,  will 
cone  into  being,  utilizing  the  h-band  aeronaut ical  satellite  epu-.-c r.r  .m.  This 

u- t  u  pi  .tWi/  l1o0  uX  t » olT. I  hdiX  Oil  COi.UriOr'l  c.1.  -Or .  a V*a.  C  i  C»lO  yi.  ^01”' b.  ■■  OclSfcid 
-‘'k  a  tO  t  j  >  but  **10  op<iiC0  0l0Eu0nt  Wi.  la  tiUtVC  cl  &  LUT  Vtil  X.Lc»/aC'0  la  .  J'.iOu  C-4M.V;  1n0o/ 

t  will  nrsmit  identity  and  limited  nodi tie lal  information  a.  i  sspcruie  to 
.  a.. .  VjdL ions .  wo-way  data  ..inx  ._unct  .ona  ^ i. ^  n.iiuc  th com.  mri  ■.  cations 

.  "v  cu  La  Concept  ... 


’•However,  provision  may  be  made  to  enable  ATJ  to  obtain  an  independent  single 
»  *«*0  o  t —pos it* on  * nij  3  if cuicjo  i.ai.’ ciTitinc  wit.  a  iiihc  coinxauucdw onc^uriCfi.  ^ in 

'» * j tine c i.Oii  w* tii  c irate  sy*iOi 'Jr* ja x s<i t. xon ^  orio.  a.ti. itduc  ‘“rrv/t  t ao  tiit. irriGtcur * 


separation  standards  will  be  implemented  based  on  minimum  navigation 
performance  standards  suited  to  the  applications.  Other  suitable  navigation 
systems  may  be  available  and  used.  The  integrity  of  other  systems  must  be 
proven  to  be  as  high  as  the  basic  service  if  this  concept  is  to  be  viable. ) 

Three-dimensional  information  will  be  available,  along  with  a  standard  system 
time  service. 

Barometric  altimetry  will  remain  an  important  element  in  the  system,  but  the 
geocentric  altitude  available  from  the  eniianced  GPS  will  serve  as  a  crosscheck 
on  barometric  altimetry  systems  and  may  serve  as  a  primary  service  in  future 
collision  avoidance  system  concepts. 

The  GPS  signal  will  be  of  sufficient  integrity  to  serve  as  the  source  far 
automatic  dependent  surveillance,  in  which  navigation  position  information  is 
transmitted  to  the  ground  either  directly  or  via  satellite  relay,  to  serve  as 
the  primary  surveillance  system  for  all  airspace.  It  may  also  find  use  as  a 
data  source  for  collision  avoidance  systems. 

In  this  concept,  a  satellite  communications  relay  will  be  used  extensively  to 
transmit  automatic  dependant  surveillance  position  information,  along  with 
additional  information,  os  required  and  available,  on  aircraft  state,  intent, 
winds  aloft,  etc.  The  communications  services  between  aircraft  and  the  ground 
system  will  utilize  satellite  relay  extensively  in  over -ocean  areas,  at  low 
altitude  in  low-density  and  high-density  airspace,  and  for  other  purposes. 

It  is  assumed  that  in  high-density  areas,  the  bulk  of  communications  may  be 
such  that  a  direct  ground-to-air craft  and  aircraft-to-ground  communications 
system  may  be  preferable  to  a  satellite-based  communications  system.  For  this 
purpose,  in  order  to  permit  use  of  common  avionics,  spectrum  in  the  L-band 
will  need  to  be  identified  for  such  a  terrestrial-based  communications  system 
as  well.  Aircraft  operators  will  continue  to  require  spectrum  far  operational 
control  and  administrative  communications.  Much  of  the  communications  will  be 
digital  data  link,  but  a  continued  voice  capability  is  needed  and  provided. 


While  most  current  navigation  systems  will  not  have  been  phased  out  at  the 
completion  of  NAS  Plan  implementation,  military  use  of  GPS  will  be  widespread 
and  civil  users  will  have  begun  implementation  and  use  of  GPS — first  as  a 
supplementary  and  later  as  a  "sole-means"  navigation  system,  in  a  situation  in 
which  minimum  navigation  performance  standards  will  be  widely  implemented  and 
equipment  choices  left  to  the  user. 

New  Concepts — 2010  Time  Period 

It  is  in  the  context  of  the  1  implemented  NAS  Plan  system  that  the  task  group 
considered  concepts  for  satellite  services.  The  following  are  the  concepts 
selected  by  the  task  group.  More  detailed  descriptions  of  the  concepts  and 
trie  spectrum  requirements  for  execution  of  these  concepts  are  given  in 
Sections  7  and  8.  Far  all  of  the  concepts,  the  group  postulated  that  new 
cxnmmunications,  navigation,  and  surveillance  systems  should  be  capable  of 
providing  their  services  anywhere  on  the  earth's  surface  and  from  the  surface 
to  70,000+-  feet.  They  must  be  practically  implement  able  where  they  are 
needed,  without  penalizing  low-activity  areas  tc  serve  high-density  areas. 
Navigation  services  are  likely  to  be  implemented  globally?  surveillance  and 
communications  regionally  applied  and  controlled. 

Concept  a  -  ■ -Automat  a :  ...a  ai  nince  as  the  Primary  Surveillance  Source 

Concept  i  assumes  that  a  satellite  navigation  system  will  prove  to  be  a  highly 
reliable,  high  integrity,  and  high-accuracy  system.  The  accuracy  and 
integrity  of  the  system  will  be  such  that  it  can  serve  all  navigation 
functions  With  essentially  instantaneous  failure  warning  in  oceanic,  en  route, 
and  terminal  operations,  providing  information  adequate  to  support  200  feet 
onu  i/2  nne  (CAT  I)  minima.  GPS  is  likely  to  be  that  system.  It  is  assumed 
tnat  the  full-accuracy  capability  of  the  system  will  be  available  to  all 
u'/>rs.  it  is  also  assumed  that  one  satellite  navigation  system,  if  GPS,  will 
nave  evolved  and  improved  to  become  tne  prime  and  "sole-means"  navigation 
system  for  many  operators.  (GPS,  or  on  evolution  of  it,  is  assumed  here  to  be 
the  ixisic  service  provided  by  the  government/s.  Services  will  be  provided  and 


motivation,  the  provision  of  a  system  which  permits  aircraft  to  perform  their 
desired  missions  in  the  safest,  most  efficient,  and  least  constrained  way. 

New  sensor  systems  will  be  judged  on  whether  they  permit  aircraft  operations 
which  are  safer,  mere  flexible,  more  economical,  or  more  efficient  than 
competing  alternatives. 

The  Mid-1990‘s  Baseline 

In  considering  concepts  for  the  future,  the  task  group  issumed  that  the  U.S. 
National  Airspace  System  Plan  will  be  successfully  executed  by  the  mid- 1990‘s 
and  the  modernized  system  will  be  in  place.  Area  Control  Facilities  in  which 
Center  functions  and  approach  control  functions  are  beneficially  combined  will 
be  in  wide  use.  A  high  level  of  system  automation  will  have  been  achieved. 

The  human  controller,  still  an  integral  part  of  the  system,  will  be  more  a 
system  manager  than  a  moment- to- moment  control  executor.  There  will  be  wide 
use  of  digital  ground-air -ground  communications,  but  voice  will  be  available 
far  nonroutine  and  emergency  communications.  Extensive  use  will  be  made  of 
Mode  S  and  its  data  link  for  safety  communications,  anu  a  variety  of  safety- 
and  efficiency-related  data  will  be  exchanged  by  the  Mode  S  data  link. 
Different  data  links  may  be  in  use  by  air  operators  for  company  and  other 
functions,  anu  it  is  uncicipatca  uu-it  an  "open  system  architecture"  will  be 
implemented.  Minimum  Lxzr for..»ance  standards  for  navigation  will  be  in  wide 
use,  ana  a  Limited  number  of  different  area  navigation  systems  will  be  in  use 
to  meet  tiiose  standards — VOR/DME,  DME/DME,  Loran-C,  OMEGA,  INS,  and  GPS.  MLS 
will  nave  replaced  1LS  in  most,  if  not  all,  applications .  Primary  radar  will 
still  oe  in  the  system,  particularly  in  terminal  areas,  but  possibly  for  other 
uses  .is  well.  A  major  FAA  data  interchange  network,  along  with  modern  voice 
switching  and  control  systems  will  be  m  place,  designed  to  take  advantage  of 
a  variety  of  communications  carriers,  both  FAA- owned  and  commercial — possibly 
satellite — chosen  on  tne  basis  of  technical  capability  and  economic 
competition. 

There  will  be  wide  use  of  independent  collision  avoidance  systems  which  will 
serve  in  both  domestic  and  over -ocean  applications . 


3PS.  The  key  requirement  is  for  a  uniform  and  standard  system  of  ground/3D 
reference  coordinates  and  a  clear  statement  -A  minimum  performance 
requirements  to  which  all  users  agree  to  adhere. 

In  the  communications  and  surveillance  areas,  there  is  an  aviation  requirement 
that  there  be  sufficient  uniformity  in  satellite  services,  technical 
standards,  and  protocols  that  the  same  avionics  systems  can  be  used  i^arldwide 
aixl  that  the  need  to  carry  unnecessarily  duplicative  systems  be  avoided. 

FJTURE  SYSTEM  CONCERTS 


Tie  task  group  considered  teciinologies  for  future  aviation  communications, 
navigation,  and  surveillance  services  which  are  likely  to  require  use  of  the 
aeronautical  satellite  bands.  It  agreed  on  several  concepts  which  have  high 
potential  for  implementat ion  and  use,  and  for  which  spectrum  needs  to  be 

identified. 

Tne  group  did  not  assume  that  all  aeronautical  services  would  need  to  be 
satellite-based,  but  attempted  to  select  services  with  a  high  likelihood  of 

implementation  anu  beneficial  use. 

til!  mature  o.  the  Air  T.'.nhc  fen.;. ,  -  me. . :  System 

Tne  air  traffic  management  system  will  continue  to  be  centrally  managed  and 
ground-based,  although  there  will  continue  to  be  much  airspace  in  which  few, 
if  any,  controls  ore  imposed. 

In  considering  the  concepts,  the  group  agreed  that  the  basic  processes  of  air 
traffic  control  are  not  likely  to  oe  impacted  in  major  ways  by  the  kind  of 
oonmanic.it ions ,  navigation,  .ind  surveillance  systems  provided.  While  the 
character  of  such  systems  will  influence  the  air  traffic  separation  process, 
impact  achievable  separation  standards,  and  have  potentially  major  inpact  on 
efficiency  and  cost  of  the  services,  the  guiding  requirement  is  that  the 
communication,  navigation,  and  surveillance  services  liave,  as  their  basic 


The  group  discussed  and  studied  the  benefits  and  liabilities  of  sharing 
aeronautical  communications  with  other  services.  Such  sharing  can  be 
accomplished  in  a  variety  of  ways,  ranging  from  the  sharing  of  satellite 
platforms  to  assignment  of  exclusive  channels  (or  their  future  equivalent)  for 
aeronautical  mobile  safety  communications,  to  sharing  individual 
communications  channels  with  other  services. 

The  group  established  certain  ground  rules  on  sharing.  No  basic  reason  was 
found  to  indicate  that  sharing  of  satellites,  seme  frequency  bands,  and — with 
specific  safeguards — channels,  is  impractical,  assuming  that  protection  is 
adequate.  In  summary,  it  concluded  that  the  aviation  safety  service  requires, 
in  radio  frequency  engineering  terms,  primary  allocation  status  to  ensure 
against  jeopardy  to  life  and  property.  Other  radio  services  would  enjoy 
secondary  allocation  status.  While,  in  practical  terms,  this  does  not  place 
the  secondary  service  at  a  significant  disadvantage  since  the  national  and 
international  frequency  authorities  will  engineer  frequency  assignments  so  as 
to  preclude  interference  to  the  maximum  extent,  it  guarantees  that,  should  the 
primary  service  be  jeopardized  in  either  an  allocation  or  assignment  matter, 
there  will  be  a  clear  order  of  procaaence. 

It  is  lively  that  the  need  for  such  separate,  protected  communications  system 
channels  is  likely  to  grow  from  an  initial  requirement  to  a  larger 
requirement,  and  that  access  to  additional  channels  as  they  are  needed  must  be 
guaranteed.  Given  scrupulous  adherence  to  the  ground  rules,  there  is  no 
reason  why  such  services  must  be  Government -owned  or  operated. 


World-Wide  Uniformity 

In  considering  requirements  for  services  and  the  technological  means  of 
serving  such  needs,  the  group  recognized  the  importance  of  uniformity  of  such 
services  over  die  world.  GPS  is  worldwide  by  its  nature,  but  users  may  find 
it  appropriate  to  use  other  navigation  systems  instead  of,  or  in  addition  to. 


dommunicat  ions 


By  far  the  most  important  application  of  satellite  tc*ennology  is  in  the 
provision  of  communications  services.  In  consideration  of  the  concepts 
described  herein — one  in  which  automatic  dependent  surveillance  is  the  primary 
surveillance  system,  and  the  others  in  which  it  is  assumed  that  no  form  of 
dependent  surveillance  alone  will  be  acceptable,  the  quality  of  conmunicat ion 
services  must  be  of  the  highest  order. 

It  was  agreed  that  while  much  communications  will  be  done  by  digital  means  on 
data  links,  voice  services  must  be  availanle  at  all  times,  for  emergency  and 
some  routine  party-line  communications. 

It  was  agreed  that  while  much  of  the  air/ground  ccmmunicat ion  is  likely  to  be 
satellite  based,  some  communication  services,  especially  those  for  terminal 
area  operations,  may  be  better  conducted  using  ground  communications 
facilities.  It  was  agreed  that  it  may  come  to  be  advantageous  to  utilize  the 
same  avionics  and,  therefore,  the  same  L-band  frequency  spectrum  to  provide 
both  for  satellite-based  communications  and  ground-based  air /ground 
communications,  perhaps  eventually  replacing  the  current  VI IF  communications 
spectr  an. 


VJhile  tnu  group  did  not  consider  the  provision  of  spectrum  for  public 
correspondence  to  ixi  a  part  of  the  aeronautical  safety  spectrum  requirement, 
it  recognized  the  need  of  commercial  operators  for  spectrum  for  operational 
control  common 1 cat  ions  and  administrative  communications.  For  reasons  of 
aircraft  equipment  economy,  such  spectrum  should  be  integral  or  contiguous 
with  other  communication  spectrum  needs.  The  group  asked  the  airline  industry 
;u  estimate  tnoir  needs.  Tne  airline  industry  lias  indicated  a  requirement  for 
s.b  vSiz  lor  operational  control  and  administrative  communications  for  the 
future.  Appendix  A  aeseribes  the  ARI1JC/ATA  view. 


The  concept  of  automatic  dependent  surveillance  is  also  attractive  because 
it  permits  both  aircraft  and  the  provider  of  the  air  traffic  services  to 
utilize  the  same  reference  information  It  has  the  disadvantage  that  a 
failure  or  an  unannunciated  error  might  affect  both  the  crew's  information 
and  the  surveillance  service. 

Cooperative  Independent  Surveillance 

It  is  FAA's  current  policy  to  provide  and  utilize  a  primary  surveillance 
system,  i.e.,  primary  radar,  as  well  as  Secondary  Surveillance  Radar  (the 
Air  Traffic  Control  Radar  Beacon  System,  evolving  to  use  of  Mode  S  and  its 
data  link).  The  expected  high  quality  of  the  GPS-based  position  data 
makes  it  a  logical  primary  source  fear  supporting  an  automatic  dependent 
surveillance  function,  not  only  over  oceans  but  also  over  land.  While  it 
is  agreed  chat  such  automatic  dependent  surveillance  is  likely  to  become  a 
primary  system,  the  group  believed  that  there  will  continue  to  be  a  need 
for  independent  surveillance,  particularly  in  high-density  congested 
terminal  airspace. 

Because  of  uncertainty  about  automatic  dependent  surveillance,  and 
recognizing  FAA's  current  policy,  the  group  believed  that  spectrum  must  be 
retained  far  a  prospective  sate. i ice-based  cooperative  independent 
surveillance  system. 

Independent  (Non-Cooperative)  Surveillance 


The  group  considered  further  that  a  prospective  long-term  requirement  for 
a  primary  (non-cooperative)  surveillance  cannot  be  ignored.  Since  the 
tx5ssibility  exists  for  viable  space-based  independent  surveillance,  it 
eonsiwers  spectrum  must  be  retained  for  such  a  possibility.  However,  this 
spectrum  need  not  be  reserved  in  the  1545-1559  MIz  and  1646.5-1660.5  MHz 
bonds,  but  would  more  likely  be  located  in  the  1585-1610  MIz  band. 
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While  barometric  altimetry  is  likely  to  continue  as  an  integral  part  of  the 
aviation  system,  altimetry  information  derived  from  t.'ne  satellite  navigation 
system  is  likely  to  become  an  important  adjunct  and  crosscheck.  It  may  also 
come  to  serve  as  the  primary  data  source  for  vertical  separation  in  the 
en  route  environment  and,  although  geocentr icaliy-bosed ,  may  come  to  serve  as 
an  altitude  source  for  collision  avoidance  systems. 

No  additional  spectrum  beyond  that  currently  allocated  to  GPS  service  will  be 
required  to  support  these  navigation  functions. 

The  group  felt  that  broad  user  implementation  of  high-accuracy,  high- integrity 
satellite  navigation  service  could  serve  as  a  position  information  source  far 
a  future  independent  airborne  collision  avoidance  system,  and  could  serve  as  a 
basis  for  a  widely  implemented  automatic  dependent  surveillance  system,  both 
over  oceans  ana  aver  land. 


Surveillance 


o  Automatic  Dependent  Surveillance 

Tr.e  concept  of  au>:  .  ■  .  .  n  i  .  surveillance*  as  a  g.-umary  :  urveiUance 

..'/stem  is  attract  a  tvc-rj  :  .ur  the  potential  of  simplifying  the 
required  avionics  complement  :n  aircraft  and  the  ground  facilities 
required  for  ground-based  cooperative  independent  surveillance.  It 
assumes  that  the  position  information  derived  from  the  navigation  system 
and  transmitted  to  the  ground  is  of  high  accuracy  and  integrity,  with 
essentially  instantaneous  failure  warning.  It  further  assumes  that  the 
position  data  transmitted  to  the  .ground  for  surveillance  purposes  is 
essentially  raw  information,  only  minimally  processed  in  the  aircraft,  and 
without  any  modification  by  the  crew. 


* Automatic  dependent  surveilLance  assumes  a  dej>endence  on  aircraft-der ived 
navigation  data,  and  is  defined  as  the  automatic  readout  of  navigation  data 
and  transmission  to  and  presentation  to  the  air  traffic  controller  without 
human  intervention. 


FOP  CONCEPT  3  —  ATC  FUNCTIONS 


DOWNLINK 
Paired  L-Band 

UPLINK 

Paired  L-Band 

OTIER 

BANDS 

as  for  Concept  2 

pluf 

Space  Radar 

(noncooperative  surveillance) 

S„9  Miz 

10.35  Miz 

20  mz* 

8.9  Miz 

10.35  Miz 

20  MIZ 

*Spectrum  for  this  function  expected  to  utilize  a  radionavigation  satellite 
band  between  15S5  and  1610  MIz. 


SPECTRUM  REQUIREMENT  FOR  OPERATIONAL  CONTROL  FUNCTIONS  — 

ALL  CONCEPTS 


(provided  by  ARINC/ATA  on  behalf  of  scheduled  airlines) 


DOWNLINK 
Paired  L-Band 


UPLINK 

Paired  L-Band 


OT1ER 

BANDS 


Space  Communications 
(Operational  Control) 


5.6  MIz 


5.6  miz 


SUMMARY  —  SPtCTRLJM  RB3U I RM2WT  FOR  MOST  DU'ftNDING  CCNCEPT 


DOWNLINK  UPLINK  OHIER 

Paired  L-Band  Paired  L-Band  BANDS 

* Space  Communications 
(including  automatic 
dependent  surveillance 
reporting  once  every 
10  seconds) 

Digital  3.3  MIz  2.5  MHz 

Voice  1.2  MHz  1.2  MHz 

**Terrestr ial  (Ground-to-Air )  2.4  MIz  1.65  MHz 

Non-Satellite  Voice  &  Data 
(including  1  MHz  buffer  on 
downlink) 

*Space  Communications 

Adjacent  geographic  area  1.0  MIz  1.0  MHZ 

Services  (where  frequency 
reuse  is  not  possible) 

***Space  Cooperative  Independent  1.0  MIz  4.0  MHz 

Surveillance 

Space  Radar  20  MIz**1** 

(noncooperat ive  surveillance) 

Sp,  .ce  < '  «.  man  i  cat  ions 

(Coer at ionul  Control)  5.6  MIz  5.6  M?z 


14.5  MIz  15.95  MIz  20  MIz 


*Those  frequencies  can  be  shared  with  a  secondary  land  mobile  service  which 
is  implemented  in  such  a  manner  as  to  assure  that  the  sharing  conditions  of 
Section  4.4  are  fully  satisfied. 

**Not  sharable 

***aoi.  mu, arable  if  space-based  system  similar  to  Mode  S  is  chosen.  Possibly 
not  a; i..ir able  if  synclironized,  range-based  system  is  used. 

****Gpectrun  for  this  function  expected  co  utilize  a  radionavigation  satellite 
band  between  1585  and  1610  MIz. 


3. 


The  year  2010  was  selected  as  the  future  year  for  the  purpose  of 
investigating  meaningful  future  ATC  system  concepts  and  operational  arrange¬ 
ments,  and  for  estimating  frequency  spectrum  needs  for  ATC  services.  Airline 
operational  control  and  administrative  communications,  recognized  as  needed, 
were  not  estimated  as  part  of  this  exercise.  Instead,  information  provided  by 
AT  A/ ART  NC  is  included  in  Section  0. 


The  development  of  potential  future  requirements  for  a  limited  number 
of  representative  world  areas  was  estimated  to  be  sufficient  to  bound  global 
spectrum  needs,  assuming  that  at  least  rudimentary  frequency  reuse  would  be 
available  to  service  other  areas  of  the  world,  and.  that  similar  service  needs 
■were  to  be  expected.  The  areas  chosen  were  North  America,  including  the  U.S., 
Canada,  Mexico,  and  the  Caribbean;  South  America;  the  Atlantic  Ocean  area;  and 
the  Pacific  Ocean  area. 


The  need  for  services,  including  communications,  navigation, 
surveillance  (and  independent  collision  avoidance),  were  considered  in  the 
■  xac.fAt  n;  sported  lev  1:,  o'  i;t..  j  or  af  f  ic.  Consideration  was  given  to 
evolving  services  or  tie  fores  co  need  for  service  levels  not  presently 
; led,  sues  as  significant  lrvels  of  data  link  communications  to  provide 
visual  weather  information  in  the  cockpit. 


Rules 


Considerations 


V/ihie  spectrum  requirements  of  present  ATc  system  elements  must,  of 
course,  be  protected  for  a  number  of  years  to  come,  the  group  agreed  to 
estimate  tne  amount  of  spectrum  that  might  be  needed  to  satisfy  future 
aviation  safety  system  requirements  under  several  different  concepts. 


The  group  recognized  that  about  75  Mlz  of  b-band  aeronautical  spectrum 
was  potentially  available  for  future  services.  This  spectrum  includes  the  two 
14  Mlz  segments  planned  for  aircraft -to-spacecr aft  and  spacecraft-to-air craft 
communications  with  allowance  for  suitable  diplexer  arrangements  compat ible 
with  adjacent  maritime  spectrum  allocations. 

3.2.2  ATC  Functional  Interrelationship  and  System  Operational  Ground  Ruaes 
Assumed 


In  the  ideal  situation,  excluding  any  consideration  of  avionics 
complements,  it  is  desirable  to  have  separate  communication, 
navigation,  and  surveillance  functions. 

Combi  rung  any  of  the  two  functions  entirely  will  require  parallel  or 
dissimilar  redundancy  in  the  avionics  complement  of  most  aircraft 
operating  in  Instrument  Meteorological  Conditions  (IMP) . 

A  svsuen  concept  in  which  a  single  system  element  failure  can 
simultaneously  eliminate  both  the  capability  for  cockpit  navigation  and 
ATC  surveillance  is  not  acceptable. 

Cc.,o,ivmg  aj.1  tliree  ray  result  in  a  safe  system  if  sufficient 

redundancy  is  provided,  however,  this  would  require  significant 
redundancy  in  the  ground  and/or  space  system  elements,  as  well  as 
aircraft  avionics.  The  costs  for  this  redundancy  and  related  services 
(e.g.,  increased  communications)  are  unknown. 

how  surveillance/ communication  system  operational  concepts  should  be 
judged  with  regard  to  their  capability  to  inpact  a  relatively  low 
rv.nibe;.  of  users  if  a  system  failure  occurs. 


3.3 


Prospective  Services 


Saco.. ..  ce  navigation  is  likely  tc  be  the  primary  world-wide  horizontal 
;.,tioa  service  for  the  future.  A  GPS-based  system  is  the  likely  candidate 
service,  and  CPS  is  rikely  to  evolve  to  become  technologically  simpler 
iiore  applicable  to  civil  needs.  If  is  assumed  that  this  GPS-based  system 
:*•  stand-alone  system,  not  dependent  on  other  aircraft  systems  for  its 
isfui  o;x'ruuon.  Future  availability  of  increased  accuracy  to  the  civil 
in. ty  from  GPS  is  assumed.  This  may  include  the  availability  of  useful 
.cal  position  information;  vertical  guidance  information  will  be  required 
*S  is  to  be  used  to  supixirt  landing  operations  with  operating  irunimums  tc 
ieet  and  1/2  mile  (current  CAT  1).  MLS  will  be  used  to  support  precision 
.ng  services.  There  is  at  present  no  foreseen  need  for  additional 
.ency  spectrum  to  support  future  navigation  services. 

however,  the  present  10+3  GPS  satellite  constellation  '1063  riot  lave 
.ci enf  reliability  or  integrity  to  satisfy  civil  aviation  requirements  for 
me.ri.i"  navigation  system.  To  meet  civil  requirements  for  a  sole  means 
t ion  system,  the  present  constellation  needs  to  be  augmented  by  adding 
sute:  i  res  (c.g.,  2+  satellites  +  spares),  or  adding  several  geostationary 
,  >  ;  n  CPS  :  m.;  r  .  .  .  ;u  capabilities  (note'  a. v -.stationary 

....  i  ;  .  ;  ■  .  or  of ;  ity  to  provide  communications  u,  addition 

icgi-i  '.  K*.  fher  -  ci  _,c:  stationary  satellites  or  communication 

,u-._  ..nr.Cisutix’  to  be  needed  to  send  GPS  health  messages  to  system 
.  •  .1 ferentiai  GPS  operational  scheme,  with  local  ground  reference 
on.  co  :o:.:  tor  system  health  and  provide  increased  accuracy'  by  trans- 
:  ;..:'„r.T*.tio.n  j,  aircraft,  n  a. so  an  option  to  be  oonridet  *s;  for  (die 

p.:,',  ts  to  .  >e  assessed  ,n  terms  of  spectrum 

'<  '■  ue  ta.i.-.  ,,ro..p  ex.*:r..- a*.- 1  severe*,  navigation  system  concepts .  It 
-  '•<  i  •  o.i  s  yste.ru';  which  Cult  meet,  the  ground  rules  concerning 

r  f. . . ;  -o<  ser .  »t  lew 1 1  caj  >abi  ii  t.y,  us  weLl  as  high  accuracy  worldwide.  It 


concluded  that  systems  of  aongeos  tat  ionary  satellites,  optimally  placed,  were 
the  most  likely  to  find  acceptance  and  use.  The  tasx  group  also  considered 
the  concept  cf  "dependent  navigation, "  but  chose  not  to  select  it  for  the 
following  reasons:  A  significant  satellite  cons tel tc t ion  would  be  required  to 
acnieve  services  of  the  quality  to  be  expected  of  an  evolved  GPS,  i.e.,  nigh 
accuracy,  vertical  information,  high  reliability,  and  adequate  signal 
iritogr  ity.  The  sequential  use  of  a  mi  .imum  of  four  satellite  paths  (aircraft 
to,  satellite  to  earth  to  satellite  to  aircraft)  would  be  required  to  provide 
navigation  information  to  the  aircraft.  Position  report  lags  of  0.5  seconds 
for  qeiisynciironous' -altitude  satellites  (neglecting  processing  delays)  must  be 
expected,  and  such  lags  woalu  not  support  CAT  I  instrument  approach  operations 

■  ;ur vo i ll.i: ice  Serv ices 


/.  nightly  rol iabie,  :iigh- integrity  surveillance  function  must  be 
n.:..ii?vaoio,  and  applied  as  appropriate,  in  any  airspace  (ground  to 
7,/,,'Od  .eec ) .  ;i)  to  effect  adequate  protection  from  blunders,  ATC  loop 

errors,  anu  other  human  factor  related  errors  while  operating  with  the  most 
off ic. e:;:.  sc. juration  minima  possible,  and  (2)  to  effect  efficient  air  traffic 
S t  i L*  v  i  C.  os  • 

.  ...  j'  ‘ .  .  ;  unce  ;>ositio.i  .  .  o  .  .t  e  of  greater  than  once  in  4  seconds 

lor  :  e.-m  .an.  area  a:  id  other  nigh  traff..  aensity  operations  is  anticipated  to 
no  >r  this  .ina lysis,  a  .ru.xinn  race  of  o; ice  each  second  has  been 

•  *..«*  vo  ;>c  a  useful  value  for  future  cperut ions  in  terminal  areas.  A 

r  it  '  oi  on.;.-  m  4  seconds  has  beeii  assumed  for  en  route  operat  ions  (lesser 
:  i  q. ;  no  meats  tor  txteanic  service).  Tile  surveillance  f  unct  ion  should  have  the 
-  >■■■*■"  i  2 1 y  to  proviue  a  range  of  position  update  rates. 


...  tj\:<  “,e;.t  .’AA  policy,  which  calls  for  ciueptsident  surveillance  for 

:o  ivi.ie  aurvei  ihinco  services  n;  sjp[»rt  of  DOD  requirements,  and 
. prov.de  service  to  aircraft  with  system  outages,  was  recognized.  It  was 
t'Peeo  t.-.nt  spectrum  .:,ust  ix*  provided  to  ...iintain  such  an  independent  service. 

...  .a-  1.1  even  that  in  tiio  future,  aircraft  transponder -based  cooperative 
....... c'aue.it  nirvei  l iu.-ice  01  automat  ic  dependent  surveillance  could  satisfy  the 

.  ii.cc  :  ion,  if  .  ini  versa:  c.irr  '.age  can  be  assumed.  Nonetheless , 

:  should  no  set  .isuie  for  uiqepondont,  non-cooperat ive,  surveillance. 


.. ..  •/ 


3.3.3  Communi cat  ion  Services 

There  will  be  a  continuing  need  for  air-ground  voice  and  data  communi¬ 
cations.  It  is  believed  that  such  services  could  be  provided  by  commercial 
services.  Guaranteed  high- integrity  channels  will  be  required  for  these 
services,  wnich  would  also  carry  the  automatic  dependent  surveillance 
conmunicat ions . 

If  air -ground  communication  services  are  most  efficiently  provided  by 
ground-based  systems  in  high-density  terminal  areas  (to  constrain  service 
costs  due  to  high  system  capacity  needs),  consideration  should  be  given  to 
satisfying  this  function  at  L-band  so  that  most  efficient  use  may  be  made  of 
the  L-band  avionics. 

A  question  remained  regarding  the  provision  of  communication  and 
surveillance  services  over  the  polar  areas.  At  a  time  when  it  becomes 
attractive  to  phase  out  ilF,  a  means  must  be  found  to  satisfy  this  need. 


Service  Sharing  Considerations 


4.1  Aeronautical  Satellite  Allocations 


The  principal  portions  of  the  radio  frequency  spectrum  available  to  the 
aeronautical  community  for  satellite  applications  are  the  1530-1660.5  MIz  and 
5000-5250  MHz  bands. 

In  the  1530-1660.5  MIz  band,  there  is  44.5  MHz  of  exclusive  aeronautical 
spectrum  and  51.0  MHz  of  shared  spectrum  which  is  available  for  space 
utilization  (see  Figure  1).  The  Global  Positioning  System  (GPS),  in  the  SPS 
portion  currently  available  to  the  civil  community,  uses  2  MHz  (centered  about 
1575.42  MHz).  The  full  system,  with  its  dual  frequency  precision  ranging 
capability,  utilizes  a  total  of  slightly  over  40  MHz  (+10.23  MIz  each, 
centered  about  1575.42  MHz  and  1227.6  MHz). 


Trie  1610-1626.5  MHz  segment  is  a  subject  of  an  FCC  NPRM  addressing  future 
radiodetermination  satellite  services.  The  1545-1559  MIz  and  1646.5-1660.5  MIz 
(satel1 ite-to-aircraft  and  aircraft-to-satellite  respectively)  band  segments, 
presently  the  principal  aeronautical  mobile-satellite  (R)  bands  exclusively 
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‘X00-5250  MIz  band  is  available  for  aeronautical  satellite 


„  rvice,  satellite  service,  and  the  inter-satellite  service  (see 

\  .  .  n.i<  •  i.v  t  r.e  i  ixod-satei lito  and  inter-satellite  services  is 

•  •  » t  r  .  *-<•;  t->  use  .n  conjunction  with  the  aeronautical  radionavigation  and/or 
nr.  it. cal  mobile  ( R)  services.  Tnere  are  no  existing  U.S.  satellite 

«t.k  lcib  in  this  hind. 
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4.2  Regulated  Use  of  Aeronautical  Mobile  (R;  Bands  1/ 

International  Telecommunication  Union  (ITU;  Radio  Regulation  3G30 
restricts  use  of  frequencies  in  any  band  allocated  to  the  aeronautical  mobile 
(R)  service  to  "communications  related  to  safety  and  regularity  of  flight 
between  any  aircraft  and  those  aeronautical  stations  primarily  concerned  with 
flight  along  national  or  international  civil  air  routes."  Using  the  principle 
imixxided  in  RR  3630,  a  strict  interpretation  weald  require  that  frequencies 
used  for  aeronautical  mobile  (R)  communications  be  on  an  exclusive  basis, 
i.e.,  not  shared  with  other  services.  This  wouia  rule  out  any  consideration 
of  operating  an  aeronautical  mobile  (R)  service  within  a  mobile  service 
allocation,  for  example,  even  though  it  would  otherwise  be  appropriate.  It 
won  in  cdso  rule  out  a  band  sharing  .arrangement,  involving  the  aeronautical 
iutbile  VR)  service  and  another  service. 

Applying  a  more  liberal  interpretation  of  the  international  radio 
regulations,  the  task  group  developed  conditions  for  sharing  satellites, 
transponders ,  frequency  bands,  and  individual  channels  which  would  satisfy  the 
intent  of  ITU  Radio  Regulation  3630.  These  conditions  are  presented  in 


*. .  ->  .  Ut*i  _  c  ~  bearing  . rp. 

o-,o  of  the  principal  reasons  that  aeronautical  satellite  communications 
(air-ground)  arc  not  currently  in  use  is  that  satellites  dedicated  to 
aeronautical  services  have  not  been  shown  to  be  cost-beneficial.  A  form  of 

larvice,  whereby  several  different  user  groups  share  the  use  (and  cost) 
of  a  satellite  transponder  or  platform,  might  become  cost-beneficial  for  some 
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fu ii.er.cn es  in  any  band  allocated  to  the  aeronautical  mobile  (R)  service 
lure  reserved  for  communications  between  any  aircraft  and  those  aeronautical 
stations  primarily  concerned  with  the  safety  and  regularity  of  flight  along 
national  or  international  civil  air  routes. 


There  are  several  ways  of  sharing — shari.. ^  the  use  of  a  satellite 
transponder  with  a  user  group  which  has  an  adjacent  frequency  allocation 
(i.e.,  the  maritime  community),  or  shar  ing  a  satel'.  ite  platform  by  placing  an 
aeronautical  tr.insfxjivier  or  package  onboard  (resulting  in  significant  capital 
■  .  .•v.stion  community).  A  third  way  is  sharing  of  the  same 

frequency  spectrum,  as  would  be  the  case  in  a  sharing  arrangement  with  a 
regional  mobile  satellite  service.  Herein  lies  the  dilemma:  on  the  one  hand, 
space  segment  resource  sharing  may  well  be  necessary  to  provide  a 
cost-beneficial  basis  for  some  aeronautical  (air-ground)  communication 
services.  On  the  other  hand,  there  are  potential  problems  in  this  kind  of 
sharing,  such  as  whether  such  shared  service  can  provide  the  needed  quality  of 
communications  to  support  safety-of-life  services,  and  concern  that  the  band 
segments  could  be  quickly  gobbled  up  by  rapid  growth  of  general  mobile  service 
requirements . 

Acceptable  shared  service  in  these  L-band  segments  would  need  to  satisfy 
a  number  of  overriding  conditions,  including: 

1.  The  aviation  community  would  need  to  be  satisfied  that  their  future 
requirements  ■<...  be  met.  those  band  segments,  considering  domestic 
and  world-wide  aviutic..  needs .  This  will  include  the  reservation  of 
a  portion  of  the  band  segments  for  potential  future  functions  that 
m.ght  not  oe  able  to  use  a  shared  service  (e.g.,  a  high 
quality/capacicy/cupability  surveillance  function  for  CONUS). 

Adequate  capability  must  be  available,  at  any  future  time,  to  meet 
aeronautical  requirements  through  use  of:  (a)  system  capacity  from 
any  implemented  mobile  satellite  communication  systems  utilizing 
portior.sof  the  presently  allocated  aeronautical  mobile- satellite  (R) 
spectrum,  and/or,  (b)  use  of  the  remainder  of  the  present  aeronautical 
mobile-satellite  (R)  spectrum  (assuming  no  increase  in  frequency 
reuse  beyond  that  utilized  in  the  then  existing  generation  mobile 
satellite  communication  systems). 
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Any  slurred  service  would  need  to  provide  the  capability/ flexibility 
for  a  variety  of  functions,  and  oe  .able  to  operate  with  user  system 
interface  requirements  that  do  not  result  in  an  undue  cost  burden  on 
the  user.  This  aspect  is  likely  to  include  the  consideration  of 
world-wide  system  compatibility. 

System  integrity  and  long  term  reliability — including  instant  access 
aid  priority — aspects  are  of  particular  concern  in  the  provision  of 
an  aviation  safety  service,  and  would  need  to  be  carefully  addressed. 

Tne  potential  for  "uncontrolled"  user  classes  in  any  shared  service 

ioeds  to  ix'  considered. 

■service  Sharing  Conditions 

run  ing  the  sum e  frequency  spectrum,  satellite  transponder,  and 
platform,  two  arrangements  are  possible — earmarking  (dedicating) 
cnome.s  to  .  aeronautical  use,  ard  sharing  channels. 

.  .  ire:  c.auV-  .-.tv  .  n./ties  that  the  channels  cornu  be  assigned 

lor  ..  uatuxtr  ..c.  v.  .  .  .  landmobi le  and  aeronautical), 

lynunuc  lean:  •wsignmc-nt  basis  and/or  an  arrangement  in  which 
c  of  channels  terrporar.lv  allocated  to  aeronautical  use  could  vary 
hug.,  over  a  daily  cycle),  depending  on  aeronautical  service  needs. 

■I'd  i.iwir.g  condo  tions  are  oon_, .derod  essential  for  tine  i implementation 
icro.it.ut ical  satellite  safety  service: 

‘>ei  nr.autical  safety  services  must  lx*  highest  priority  services  on 
. . satellite  .'except  in  the  Vv.se  of  a  national  emergency) . 

‘.at  :or,nl/ international  agreements  will  bo  required  to  assure  the 
i> •..levementt;  of  system  standards.  These  agreements  will  form  the 
........  for  procuring  services. 
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3.  The  satellite  service  3hail  be  as  transparent  as  poseible  regarding 
the  acceptance  of  various  system  operational  schemes .  The  aviation 
community  reserves  the  right  to  develop  and  use  system  designs, 
including  system  interface  specifications,  system  accessing 
techniques,  and  channel  bandwidths,  that  may  optimize  service 
benefits  and  costs  for  the  aviation  community. 

A  number  of  system  operational  conditions/guarantees  have  been  identified 
as  being  necessary  to  make  the  use  of  a  leased  commercial  shared  satellite 
communication  service  for  ATC  acceptable,  considering  both  dedicated  channel 
aid  shared  channel  satellite  service  sharing  arrangements.  These 
conditions/ guarantees  include: 

1.  For  dedicated  channel  arrangements,  a  series  of  channels  (or 

alternatively,  system  power/bandwidth  capability)  must  be  provided 
which  will  contain  only  the  aeronautical  safety  service.  For  shared 
channel  arrangements,  guarantees  must  be  given  to  insure  that  other 
services  potentially  sharing  the  channels  do  not  impact  the  provision 
of  aeronautical  safety  services  w..en  the  channel(s)  are  assigned  to 
aeronautical  a. 

? .  Sh a. on  u.x«ceciaft  system  cocfcionents,  including  antennas  and 
transponders,  are  acceptance  as  long  as  they  meet  necessary 
roi iabi 1 ity/ integrity  requirements . 

f, .  Loading  on  nonuercnaucical  channels/by  nonaeronaut: cal  services  must 
not  reduce  the  performance  of  dedicated  aeronautical  channels  or 
channels  assigned  to  aeronautical  use. 

4.  Dedicated  aeronautical  channels  or  cnannels  assigned  to  aeronautical 
use  must  oe  protected  against  harmful  interference  products  from  any 
other  services  utilizing  spacecraft. 

5.  In  the-  case  of  spacecraft  degradation,  all  other  services  must  be 
shed  uefore  tne  aeronautical  safety  services  are  impacted. 
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6.  Catastrophic  failures  will  be  mitigated  either  by  an  in-orbit  "hot 
spare  satellite,"  separation  of  services  between  two  or  more 
satellites,  or  redundancy  of  all  satellite  systems. 

7.  Operational  access  to  dedicated  aeronautical  channels  must  be 
instantaneous.  Operational  access  to  shared  channels  must  also  be 
instantaneous  after  such  channels  are  assigned  to  aeronautical  use. 
The  time  delay  between  request  and  assignment  of  shared  channels  to 
aeronautical  use  must  be  very  short  if  a  dynamic  channel  sharing 
arrangement  is  to  be  acceptable;  acceptable  demand  access  conditions 
must  be  guaranteed  prior  to  the  use  of  such  an  arrangement.  For  the 
case  of  possible  time  division  multiplex  channel  sharing  arrangements, 
acceptable  access  and  message  throughput  delay  conditions  must  be  met. 

8.  For  shared  channel  arrangements,  the  satellite  communication  system 
must  have  the  capability,  if  necessary,  to  insure  that  messages 
provided  to  the  FAA  will  only  be  aeronautical  safety  messages. 

Provided  that  these  conditions  are  resolved  satisfactorily  and  the 
related  system  design  and  operational  considerations  addressed  in  the  next 
section  are  satisfied,  the  task  group  believes  that  satellite  service  sharing 
can  be  an  acceptable  means  of  providing  a  portion  of  the  aeronautical 
services,  including  safety  services,  if  sufficient  capacity  could  be  made 
available  in  the  aeronautical  bands  to  also  permit  their  use  toy  other  mobile 
services . 

Considering  the  present  mix  of  FAA  own* d  and  operated  services,  and 
leased  services,  the  task  group  saw  no  reason  why  a  leased  satellite  service 
could  not  support  a  portion  of  the  aeronautical  needs,  including  safety 
services,  provided  that  adequate  service  safeguards  were  satisfied.  Further, 
the  task  group  did  not  consider  that  satellites  would  have  to  be  dedicated  to 
the  FAA,  again  assuming  adequate  safeguards. 
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7z»  TkANSKIaSIONS  »N  THE  BAND  1545-155*  MH?  FROM  TERRESTRIAL  AERONAUTICAL  STATIONS 

DIRECTLY  TO  AIRCRAFT  STATIONS,  OK  BETWEEN  AIRCRAFT  STATIONS,  Ill  THE  AERONAUTICAL 

(KUiiE  (R)  service  are  also  authorized  when  such  transmissions  are  used  to  extend  or 

SUPPLEMENT  TEE  SA7EU. i TE-TO- AIRCRAFT  LINKS. 

i  ,z  V. . r.  Hand  Kill  IS  RLSEk.EL  Or*  A  lALKLDWIDL  uASIS  yOR  Th£  USE  AND  DEVELOPMENT 

OR  A.HUORNK  ELECTRONIC  Aii.S  To  A.«  NAVIGATION  AND  ANY  DIRECTLY  ASSOCIATED  C ROUND- BASED 
Sr  ^ATELLITc-BoRs.-.  FACILITIES.  Sue.,  SATELLITE  USE  IS  SUBJECT  TO  AGREEMENT  OBTAINED 
UNuER  Tr_  PROCLLuKE  SET  FORT..  IN  ARTICLE  14. 

<L  *■•:::  „,Nr.s  IbiO-lfe.fc.i  rthx,  5CLU- bl'-.L  MHz  ant!  15.4-15.7  GHz  ARE  ALSO  ALLOCATED  TO  THE 

a.  g.-.a  or mob:le-satel..itl  :r)  service  os  a  primary  basis,  such  use  is  subject  to 

Am  u. Lmek  .  mIi  i  A I  ,xzj  ,'Nu mr  T  Hz.  V  r. a.  mm m RE  S L .  FORTH  IN  ART  Ii. LE  1 4  , 

Vj‘>  TKA.NS.RI:.  .IONS  .K  TnE  ..AN  IT  1*44. 5- IttoO . 5  KHz  FROM  AIRCRAFT  STATIONS  IN  THE  AERONAUTICAL 
K-  ..n hi  SLAVIC r.  3.  ALTVLY  TO  YErRJSTRIAL  AERONAUTICAL  STATIONS,  OR  BETWEEN  AIRCRAFT 
STATION,.  ARE  also  AUTiv  rUED  WHEN  SDCn  TRANSMISSIONS  ARE  USED  TO  EXTEND  OR  SUPPLEMENT 
THE  A  Ik.:  raft- TO- SATELLITE  LINKS. 

LSlij  A.  KONALT.Cr.,  MOBILE  COMMUNICATIONS  WHICH  ARE  AN  INTEGRAL  PART  OF  AERONAUTICAL 
RAC.DSAVICaTION  SYSTEMS  MAY  BE  SATISFIED  IN  THE  BANDS  1559-1626.5  MHz  AND 

4  J  .  1  '  i  i  ,  /  liti  »  . 


*  *“  1  *  ,  ^  ^ 


1  F"  ■'  ■ 


i.< j. jin  with  the  necessary  sate!  lib  transceivers.  (Such  groups  may  already 
exist,  i.e.,  helicopter  operators  w:jo  need  A TC  services  in  low-altitude  and 
off-shore  airspace  where  ATC  coverage  is  poor  or  nonexistent,  and  oceanic 
system  users  who  cannot  obtain  ground-based  MU’  line— of— sight  services  except 
a;  li.mteu  offshore  areas.)  r  in.Vtly,  proof-of- concept  tests  would  have  to  be 
..ducted,  probably  for  several  ye.urs,  to  gam  experience  and/or  confidence  in 
the  system.  .As  such  experience/ confidence  was  gained,  the  service  could  be 
i  r.t  i  .-\buoed  into  increasingly  complex  or  dense  airspace  on  an  orderly  basis. 
••>.;cr.  an  approach  requires  no  dramatic  switch  in  ATC  systems  or  procedures; 
til-: xvs  a  gradual,  cost-effective  means  for  transition;  and  permits  the  concept 
•'o  uvolv.i  to  whatever  level  or  implementation  is  deemed  appropriate. 
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encoder  in  the  aircraft  to  determine  altitude.  I t  is  interesting  to  note  that 
in  no  airspace  do  we  truly  have  an  independent  surveillance  system,  since  we 
are  always  relying  on  the  aircraft  (pilot)  to  provide  at  least  one  piece  of 
essential  information  to  the  ATC  system. 

Thus,  the  concept  of  operationally  using  dependent  surveillance  is  well 
established  in  the  ATC  system.  Tne  question  is,  to  what  degree  can  this 
function  be  extended  to  achieve  an  ATC  system  totally  based  on  dependent 
surveillance.  The  answer  lies  with  the  accuracy  of  the  navigation  systems 
being  utilized,  the  reliability  and  integrity  of  the  navigation  system(s)  and 
tne  commuii cat  ions  system  elements  used  to  transmit  and  receive  the  infor¬ 
mation,  the  system  redundancy  to  assure  that  a  single  failure  does  not  cause 
the  hiss  of  noth  navigation  and  surveillance,  and  the  confidence  of  all 
parties  concerned  in  using  such  a  system. 

Technology  is  roving  rapidly  to  solve  the  accuracy,  reliability,  and 
integrity  issues  raised  above.  It  is  possible  today  to  buy  151AV  receivers 
based  on  VOR/OMLl,  LOKAM-C ,  DME/DMh,  QMLCA/VLF,  and,  in  the  not-too-distant 
future,  GPS.  For  the  purpose  of  this  discussion,  the  source  is  not  important 
(although  the  eccurao'  clear  1 ;  ..e-jo-ds  on  the  source),  but  rather  the  fact 
■.  a  is  ixeoir.us'  u-  .  -•  •< •  common  (and  cost-effective)  for  a  large 

.-lass  ■;  aircraft  to  nave  oa.au  .  ,  ...  :  ion  determination  systems.  Thus,  the 
nucleus  for  an  automatic  dependent  surveillance  system  is  being  created  at  the 
present,  time.  What  is  needed  is  a  system  to  transfer  this  onboard  information 
to  the  ATC  system  at  a  sufficient  update  rate  to  be  used  for  ATC  purposes. 

One  way  r.o  do  this  would  'me  to  use  a  satellite  i ink  as  the  transmission  medium. 

now  could  suen  a  system  lx?  introduced  into  she  ATC  system  in  an 
.  )„ .  ;ei  ly,  systematic  way.’  i-’irs!.  and  foremost,  then?  wouhi  have  to  'me  a 
o  t  ci* Tit  on  the  pu  t.  .,f  the  FAA  and  mtrs  to  move  tow.ird  such  a  system, 
boo  no,  i  sate',  i  i  te  nr.,,  would  nave  ■  u»>  provided.  Such  a  link  could  be  a 
suivsyst em  . an  a  variety  of  commerc : a i  ot  government-owno i  < jeosynclironous 
satellite  system,.  Third,  a  certain  set  of  users  would  have  to  lx*  willing  to 
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is  discussed.  It  allows  the  ATC  system  to  be  extended  to  areas  where,  toda'.  . 
few  or  no  services  are  available,  and  to  evolve  to  other  areas  as  onboard 
position  determination  accuracy,  reliability,  and  integrity  improve  to  a  level 
consistent  with  the  separation  standards  needed.  It  also  esbtbl  . shes  the 
potential  bandwidth  requirements  which  would  be  necessary  for  the  satellite 
system  which  'would  lie  used  zo  support  the  system. 

Accurate  and  timely  position  determination  of  aircraft  is  essential  to 
:no  proper  functioning  of  any  air  traffic  control  system.  The  more  accurate 
t'iv;  determination  is,  the  smaller  separation  standards  can  be  in  any 
particular  airspace.  Today,  separation  standards  are  based  on  the  capability 
of  the  navigation  system  to  achieve  an  acceptable  level  of  performance  and  the 
capability  of  the  surveillance  function  to  monitor  aircraft  separation  and 
navigation  :x>rformance  on  a  real-time  (or  near  real-time)  basis.  Surveillance 
f.w  such  hig'n-traf f ic  density  areas  as  CONUS  are  based  principally  on  some 
form  of  radar  (primary  or  secondary).  However,  if  one  could  be  assured  that 
regardless  of  the  source  of  the  position  determination,  it  would  be  accurate, 
timely,  and  reliable.  There  is  no  reason  why  it  must  be  independent  from  the 
aircraft’s  onboard  navigation  u/s terns.  If  one  can  accept  the  principle  that 
r  '  '  ■  sain'd  Vo  r.  reliability  and  j r-  -  •'  v  f  onboard 

r.  .  in  u.-:  Lae  concept  of  air  traffic  centiol  bused 

.  p  ...  ...  cur  veil..  r.ce  da  sorrow,  a;;,  d  aeration. 

.a  j/kiv'k  airspace,  there  .ire  three  principal  methods  used  to  locate 
.iircr.. it.  ..no  provide  separation  services.  First,  in  low-density  airspace 
ere  ...,  i.idir  coverage  exists,  we  rely  on  pilot  positi on  rep:::  .s  base"  on 
.  .‘»pK‘..:ic  navigation  ..xes.  Tnis  is  dr^xinuent  uarveii  :  the 

..r  i  la.  is  ae.xaident  *'<t.  tr.e  nav.qa  cion  system  non  ion  <iac...  i:  certain 

f_.  a'.  1.  bjAiCO,  *V  ’  PuJV:'  L*  JJjO  iXfV»0(  lil  O  r'i.y  !TcH.*Cijt’l5  W.l  ti’i  ...'jib  )u'iat  i 

,'b  ,,ns.  . ep ,rti,.'j,  t ,  rovid...-,  for  b  ...dependent  surveillance,  so  long 
...  ui.e  egn  .pm. -;.t  ( tr.-nup  s  n.er  and  ..coding  altimeter)  are  working. 

.■  . ;  .a  i  ■'/,  .  n  i , .  jit— density  fc'i.r.  * . ...  i  ...spi:*'  nrii  most,  if  ne.t  alt,  of  t  ho 

digie-.i".  titude  en  route  .airspace,  we  provide  both  primary  and  Beacon  radar 
.  ‘  i‘  j>  • .  .lb  ,  even  nere  we  mts^  :c ,  y  on  oitiie:  a  ni  lot.  i  epir  t  . .  r  -.a  ait,  ..  ue  e 


The  task  group  considered  the  nature  of  future  air  traffic  system 
management,  the  mid- 1990 's  baseline  ATC  system  following  implementation  of  the 
National  Airspace  System  Plan,  and  new  ATC  concepts  for  the  2010  time  period. 

A  discussion  of  these  subjects, > including  overviews  of  the  system  concepts  for 
2010  which  are  considered  in  more  detail  below,  is  presented  in  Section  2. 

The  concepts  considered  below  focus  on  providing  services  for 
anticipated  continental  U.S.  traffic  (see  Section  5).  Consideration  for 
global  service  has  been  given,  resulting  in  the  following  design  philosophy 
assumptions:  There  will  be  several  areas  of  the  world,  which  would  have  a 
sufficiently  large  user  base  (possibly  not  limited  to  aviation)  to  justify  the 
cost  of  a  satellite  system  employing  multiple  beams  and  a  fair  degree  of 
frequency  reuse.  Other  areas  of  the  world  would  have  service  from  satellite 
systems  employing  larger  beams  giving  little  opportunity  for  frequency  reuse. 
All  the  services  would  have  overlapping  coverage  to  provide  continuity  of 
service  on  a  glooai  basis.  It  is  assumed  that  when  the  user  base  of  an  area 
and  service  demands  grow  to  a  substantial  level,  that  area  would  also  justify 
the  use  of  a  multiple  beam  satellite  system  employing  frequency  reuse.  It  is 
assumed  that  the  basic  functions  considered  below*  including  voice  and  data 
eo.irr.i.r..  rations,  autoi.*.tic  .ear. surveillance,  and  global  satellite 
.av I'jcu  lOh  services,  ure  iii’u.pcah i* -  •  lOiignout  the  world. 


i  r  i  *_r  cx  i  uc  t  ion 


It  is  *-‘no  intent  of  tins  section  to  develop  or.  A.'  .  .  •.  »■:  «t.  .  1  concept 

based  on  automatic  dependent  survoi  1  lance  >»o  the  «.nty  rn  *<  i  > 1  >1  i  r  ifs  Lir  l  ncj 
sojviration,  and  to  illustrate  how  it.  oouiu  iv  r.irai.ir.c  in  ,t  systematic  way, 
eased  or.  the  accuracy  of  the  navigation  systems  neuiq  us«xi  and  the  airspace 
involved.  A  viable  concept  for  introducing  autom.it  ic  dejx?nd«*nt  sirvei  1  l.uice, 
using  a  satellite  link  as  the  transmission  medium  for  the  survoi  1  lance  data. 
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TABLE  6-2 

TERMINAL  CQC MINI  CAT  I  CMS  (DIGITAL) 


S/  v  a.  iixi *Li7L 

PER  .AIRCRAFT 

PER  AIRCRAFT 

part 

FUUCTKXi 

AVE 

BPS 

PK  BPS 

o  Aircraft 

o 

ATC 

0.4 

xlO 

<04 

to 

-  Tactical  (ack.) 

Ground 

o 

-  Automated  clear' once  (nxi.) 
Flight  Services  (req.) 

-  Urgent  TTIS 

-  Routine  ETIS 

-  Digitized  Wx 

C.3 

xlO 

3 

o 

Automated  Dependent  Surv. 

-  Position 

-  Extended  Position 

500 

500 

o 

Wind  Report 

7.5 

7.5 

o 

Total  per  aircraft 

504.5 

o 

Total  for  7.5K  aircraft 

4.5  I DIPS 

o  Ground 

v  i 

o 

ATC 

—  Tactical 

40 

x5 

200 

Aircraft 

o 

-  Automated  Clearances 

Flight  Services 

4.G 

x5 

23 

G 

Traffic  Advisory 
(assumes  10%  A/C) 

50 

50 

Total  per  aircraft 

o 

Subtot.l  p<  _  V.  K  remit 

2  MBPS 

Broadcast 
-  All  Call 

100 

100 

-  Lav.  System  Integrity 

20 

20 

-  Lav.  System  Differential 

00 

90 

210 

2 10 

o 

Go  tax  for  7 .  m  a i remit 

2  MBPS 

0-3 


) 


•* 

I 

I 


I 


4 


I 


TABLE  6-1 

GN  ROUTE  COMMUNICATIONS  (DIGITAL) 


SATELLITE 

LINK  PART 

FUNCTION 

PER  AIRCRAFT 
AVE  BPS 

PER  AIRCRAFT 
PK  BPS 

o  Aircraft 

O  ATC 

8.4 

xlO 

04 

to 

-  Tactical  (ack.) 

Ground 

-  Automated  clearance  (req.) 

o  Flight  Services  (req.) 

0.03 

xlO 

0.3 

o  Automated  Dependent  Surv. 

125 

125 

-  Position 

-  Extended  Position 

o  Wind  Report 

2 

2 

o  Total  per  aircraft 

211.3 

o  Total  for  42. 5K  aircraft 

0.97  MBPS 

o  Ground 

o  ATC 

0.4 

xlO 

04 

to 

-  Tactical 

Aircraft 

-  Automated  Clearances 

o  Flight  Services 

2.3 

xlO 

23 

o  Traffic  Advisory 

6.5 

xlO 

65 

(assumes  5%  A /C) 

o  Total  per  aircraft 

172 

o  Subtotal  par  42. 5K  Aircraft 

7.3  MBPS 

o  Broadcast 

-  All  Call 

100 

100 

-  Nav.  System  Integrity 

20 

20 

-  Nav.  System  Differential 

90 

90 

210 

210 

o  Total  for  42. 5K  aircraft 

7.3  MBPS 

i 
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The  digital  data  to  support  automatic  dependent  surveillance  (item  d) 
includes  the  aircraft  ident,  state  vector  (or  pseudo  ranges  from  GPS), 
barometric  altitude,  and  altitude  rate.  This  data  is  transmitted  at  a  1  IIz 
rate  for  terminal  area  applications  and  at  a  0.25  IIz  rate  for  en  route 
operations.  An  extended  position  report  is  also  provided  to  permit  ground 
control  to  detect  flight  paths  that  appear  to  be  inconsistent  with  the  flight 
plan.  As  noted  from  Tables  6-1  and  6-2,  the  data  requirements  to  support 
automatic  dependent  surveillance  dominate  the  other  service  because  of  the 
relatively  high  update  rate  per  aircraft. 

The  aircraft  counts  used  in  Tables  6-1  and  6-2  were  obtained  from 
Section  5.  By  using  the  peak  counts  in  CCNUS,  an  upper  bound  on  the 
communication  requirements  can  be  obtained. 

The  emergency  traffic  advisory  is  provided  to  aircraft  that  are  in  the 
vicinity  of  another  aircraft  whose  navigation  or  communication  equipment 
failed.  It  is  assumed  that  10  percent  of  the  aircraft  in  terminal  areas  and 
5  percent  of  the  aircraft  en  route  would  be  affected  at  any  one  time. 

The  broadcast  data  is  used  to  provide  all  aircraft  in  a  particular 
geographic  area  with  time  synchronization  and  acquisition  of  the  common 
channel,  navigation  system  integrity,  and  navigation  system  differential 
corrections.  The  time  synchronization*  and  acquisition  allows  an  aircraft  to 
obtain  appropriate  time  slots  in  which  to  transmit. 

The  Per  Aircraft  BPS  estimates  presented  in  Tables  6-1  and  6-2  include 
allowances  for  protocols  and  Rate  1/2  error  correcting  coding. 


*The  time  synchronization  also  allows  the  ground  terminal  to  obtain  an 
independent  measurement  of  range  to  the  aircraft  for  use  as  an  independent 
monitor  of  the  position  report. 


Es t i ma tes  of  Required  I nforn.it lori  Flow 


Tins  section  presents  estimates  of  information  flew  for  air-to-ground 
and  ground-to-air  digital  data  communications  for  a  high  density  area  (in  this 
case  using  the  continental  U.S.)»  which  were  based  upon  the  traffic  forecasts 
developed  in  Section  5  and  on  previous  studies  of  ATC  data  link  communication 
functions.  Information  flow  estimates  for  voice  communications  were  not 
developed;  instead,  estimates  for  frequency  spectrum  needs  for  voice  services 
were  based  on  consideration  of  present  voice  services  as  presented  in 
Section  8. 

6 . 1  Digital  Data  Communication  Flow  Estimates 

The  digital  data  communication  flow  estimates  are  presented  in 
Tables  6-1  and  6-2  for  en  route  and  terminal  area  communications,  respectively. 

The  lata  message  types  include  the  following: 


ATC  tactical  messages 
Flight  service 

Aircraft-derived  wind  reports 
Automatic  dependent  surveillance 
Emergency  traffic  advisories 
Broadcast  data 

U[*.>rational  and  administrative  communications 


The  data  content  to  provide  items  a  tlirough  c  were  derived  from 
Reference  1  ( FAA- Rl>3 1- 14 ) .  Other  data  were  added  to  permit  future  ATC 
services  such  as  time  navigation  and  definition  of  fixed  paths  in  terminal 
areas.  For  ATC  and  Flight  Services  communications,  the  average  number  of 
messages  from  Reference  1  was  converted  to  bits  per  second  (BPS)  per  aircraft 
using  the  Mode  S  data  format.  The  average  BPS  was  converted  to  peak  BPS 
assuming  a  factor  of  ten.  The  Mode  S  data  format  was  also  used  to  estimate 
the  ixMk  BPS  for  all  digital  data  functions. 


1. 
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This  data  seems  reasonable  from  the  standpoint  of  considering  realistic 
and  meaningful  estimates  of  future  traf f ic-related  statistics  which  could  be 
used  as  an  input  for  projecting  a  bound  on  foreseen  future  ATC  services.  This 
data  was  developed  assuming  the  projected  continuing  growth  trend  of  the 
present  air  transport  system.  It  will  be  seem  from  the  computat ions  in 
Section  6  that  within  the  information  flow  categories,  there  is  an  essentially 
linear  relationship  between  aircraft  served  and  spectrum  required.  The  table 
clearly  indicates  that  the  service  demands  will  be  dominated  by  a  high  traffic 
density  area  such  as  the  continental  U,S. 
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SRI  International  Study  (Ref.  9) 


Including  All  Scheduled  Traffic 

1900 

1905 

1995 

Total  Atlantic  Basin,  Including 

Most  of  Africa  and  South  America, 

PIAC  : 

594 

705 

1038 

North  Atlantic,  PIAC  : 

355 

422 

620 

Caribbean,  PIAC  : 

162 

— 

202 

South  Atlantic,  PIAC  : 

43 

— 

82 

Pacific  Basin,  PIAC  : 

— 

713 

1572 

Consideration  has  also  been  given  to  including  Gulf  of  Mexico  traffic, 
including  helicopter  traffic,  into  the  overall  Caribbean  PIAC.  A  total  of 
75  and  100  helicopters  estimated  for  the  year  1995  and  2010  respectively,  are 
included  in  the  Gulf  of  Mexico  traffic  (Ref.  10).  Based  upon  this  information, 
the  estimates  of  PIAC's  presented  in  Section  5.7  for  these  regions  have  been 
selected  for  consideration  in  the  study. 


5.6  Canadian,  Mexican/Central  American,  and  South  American  Traffic 


The  SRI  International  study  (Ref.  9)  includes  estimates  for  PIAC's  for 
South  America  (153  and  315  for  1900  and  1995  respectively).  Estimates  have 
been  made  for  the  other  areas  which  are  considered  reasonable.  The  estimates 
considered  in  the  study  for  these  areas  are  presented  in  Section  5.7. 

5 . 7  Summary  of  PIAC  Traffic  Estimates 

The  foilwing  table  presents  a  summary  of  the  estimates  of  PIAC's 
considered  in  the  study  for  the  various  geographic  areas  and  cases. 


PIAC's 


Area/ Case 

1995 

2010 

Continental  O.S. 

— 

50,000 

Busy  Center  (Enroute  Traffic) 

— 

5,000 

Busy  Terminal  Area 

— 

1,500 

Continental  u.S.  Traffic 
in  Terminal  Areas 

_ 

7,500 

Canada 

2 , 500 

4,000 

Mex  ioo/Central.  America 

300 

600 

South  America 

300 

600 

North  Atlantic 

500 

800 

Car  ibl*  vui/ Gu .  f  <  t 1  x  a ’ 

275 

400 

South  Atlantic 

80 

150 

Pacific  Basin 

600 

1200 

Centra  1  Mas t  I  v  .  f ;  a 

1 1 0 

200 

by  FAA  and  completed  in  1901,  only  considered  aircraft  in  oceanic  flight 
information  regions  and  those  flying  above  24,000  feet  in  altitude  (Ref.  7). 

Several  other  traffic  forecast  studies  not  explicitly  including  ATC 
system  improvement  aspects  have  been  considered.  These  included  a  1973  study 
by  Booz-Allen  Applied  Research  (Ref.  0)  and  a  1977  study  by  SRI  International 
(Ref.  9).  The  Pacific  traffic  forecast  developed  in  the  SRI  International 
study  (Ref.  9)  might  be  considered  somewhat  high  for  the  purposes  of  this 
analysis,  since  the  geographic  areas  include  some  overland  regions  that  might 
otherwise  be  considered  as  domestic  system  areas. 

The  following  data  summarizes  the  findings  of  the  4  studies  considered 
(Refs.  6-9) . 


ARINC  Study  (Ref.  6) 


Atlantic  Basin,  PIAG 
Pacific  Basin,  PIAG 


SRI  International  CASIS  {Ref.  7) 


North  Atlantic,  1AC 
Central  Bast  Pacific*,  I AC 


liooz-AIlen  Study  (Ref.  0) 


Pacific  Basin,  PIAC 
i  lono 1 u 1 u-CQUUS ,  PIAC 


1975 

150 

120 


1979 

170 

46 


1900 

323 

07 


1900 

170 

140 


2005 

230 

109 


1905 

431 

92 


2000 

370 

380 


*  Cue  Central  East  Pacific  Traffic  is  predominantly  the  traffic  between  the 


North  American  West  Coast  and  Hawaii. 
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Busy  Center  PIAC 


Considering  the  cnroute  traffic  PIAC's  that  may  be  needed  to  be  serviced 
by  each  of  the  20  U.S.  Air  Route  Traffic  Control  Centers,  the  highest  PIAC  for 
the  year  2000  is  projected  for  Chicago,  about  3,600  aircraft  (Ref.  4). 
Therefore,  it  does  not  seem  unreasonable  to  estimate  that  a  U.S.  Center  may 
need  to  service  an  enroute  traffic  PIAC  of  up  to  5,000  aircraft  by  the 
year  2010. 


terminal  Area  PIAC 


The  PIAC  for  a  busy  terminal  area,  i.e.,  a  high  traffic  density  area 
possibly  involving  a  number  of  airports,  is  also  an  important  parameter  for 
analysis,  since  terminal  area  traffic  may  require  additional  services,  such  as 
surveillance  position  reports  at  a  higher  rate  and  additional  communications. 

A  busy  hour  demand  of  500  operations  per  hour  has  been  projected  for  the 
year  1995  for  the  New  York  City  area,  considering  the  three  large  city  airports 
(Ref.  3).  An  IAC  of  over  1,000  aircraft  has  been  projected  for  the  Los  Angeles 
area  (within  a  50  mile  radius)  for  the  year  1995  (Ref.  5).  Therefore,  a  PIAC 
for  such  a  busy  terminal  area  for  the  year  2010  of  1500  ■’"craft  has  been 
selected  as  a  bounding  value.  A  total  of  15  percent  of  the  U.S.  PIAC,  or 
7,500  aircraft  is  assumed  to  be  in  terminal  areas. 


5.5  Atlantic,  Pacific,  and  Caribbean  Traffic 

Many  studies  investigating  improvements  for  these  areas  have  been 
carried  out  over  the  jxist  20  years,  however,  since  a  number  of  good  studies 
concentrated  upon  "filling  gaps"  m  the  present  ATC  systems,  the  related 
traffic  forecasts  projected  by  these  studies  distort  the  actual  levels  of 
traffic  for  these  ureas.  Cue  AibuiC  Research  Corporation  Communications  study 
carried  out  for  the  PAA  in  the  mid- 1970‘s  projected  PIAC's  (i.e.,  the  peak 
instantaneous  aircraft  ir»  the  oomm.inicutiotis  gap,  or  outside  of  line-of-sight 
communications  coverage)  instead  of  PIAC's  for  the  entire  areas  (Ref.  6).  The 
SRI  International  Oceanic  Area  System  Improvement  Study  (OASIS),  also  sponsored 


Praffic  Forecasts  .and  Traffic  Load ing/Distribut ion 


5. 1  Introduction 

Traffic  forecasts,  by  definition,  are  always  wrong,  especially  when 
looking  ahead  for  a  period  of  25  years  to  the  year  2010.  At  the  present  time 
economic  conditions  seem  to  be  projecting  an  optimistic  future  of  growth  for 
traffic.  The  NAS  Plan  projects  aviation  activity  to  nearly  double  in  the  next 
20  years  (Ref.  1).  Recent  projections  from  a  consensus  of  11  aircraft  and 
engine  manufacturers  and  suppliers  indicate  a  more  than  5  percent  annual 
growth  in  worldwide  airline  traffic  through  the  mid- 1090's,  with  non-U. S. 
traffic  gains  outstripping  U.S.  gains  (Ref.  2). 


Considering  these  optimistic  views  of  the  future,  but  realizing  that 
there  will  probably  be  ups  and  downs  as  well  as  diverse  opinions,  the  objective 
of  presenting  the  projections  in  this  section  is  to  attempt  to  bound  the  need 
for  future  services.  Therefore,  only  one  set  of  estimated  future  traffic  is 
provided;  the  future  traffic  levels  are  not  considered  to  be  unreasonably  high 
considering  the  range  of  possibilities.  The  traffic  data  is  provided  in  terms 
of  Peak  Instantaneous  Aircraft  Count  (PIAC);  that  is,  the  largest  number  of 
aircraft  actively  flying  in  cue  AT C  system  being  considered  and  requiring 
serv, cos . 

5.2  U.S.  Primes  tic  PIAC 

Over  the  last  decade  a  nunuxir  of  estimates  have  been  made  o i  the  PIAC 
for  the  continental  U.S.  A  study  performed  as  part  of  the  Advanced  Air 
Traffic  Management  System  Study  in  1975  estimated  the  PIAC  to  be  37,000  by  the 
year  1995  (Ref.  3).  More  recent  projections  prepared  as  part  of  a  forecast 
study  carried  out  for  the  FAA  Office  of  Aviation  Policy  in  1900  estimated  the 
PIAC  to  be  as  high  as  45,000  by  the  year  2000  (Ref.  4).  For  a  number  of  years 
a  PIAC  of  50,000  aircraft  for  the  U.S.  has  been  projected  for  the  first 
decades  of  the  next  century.  Therefore,  ’oased  upon  presently  available  data, 
a  value  of  50,000  PIAC  has  been  selected  as  a  reasonable  value  for  the 
year  2010  tc  be  used  in  the  analysis. 
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and  to  what  extent  back-up  or  fail-soft  -nodes  are  required  (e.g  ,  the  need  to 
carry  another  navigation  sensor  besides  GPS  or  to  have  a  means  to  coast 
tlirough  satellite  or  other  system  failures). 

7. 1.2.2  Communications 

Mobile  satellite  systems  are  being  proposed  by  private  industry  to 
provide  voice  and  data  communications  to  mobile  users.  Since  the  intention  is 
to  attract  large  classes  of  users  (besides  aviation),  and  low-cost  technology 
exists  to  provide  similar  services,  the  satellite  service  to  succeed  will  have 
to  be  low  cost.  The  technology  being  developed  by  industry  to  provide 
cost-effective  service  includes  the  use  of  spot  beam  antennas  to  provide  less 
expensive  EIRP  through  higher  spacecraft  antenna  gains  and  spectrum  use 
efficiency  through  frequency  reuse. 

A  large  amount  of  the  ATC-related  communications  in  the  2010  time  frame 
will  be  via  data  link  services.  In  the  terminal  area,  however,  some  level  of 
voice  communication  may  be  retained  to  permit  the  pilots  to  retain  a  mental 
picture  of  the  traffic  environment  via  the  "party  line."  A  multiplexed 

Gig . ta i  > X5mm un i ca 1 1 ons  "liriK  oo  pv.m.t  the  transmission  of  vo.tCe  ann  oata  in 
the  sane  channel. 

Tno  communication  services  ore  assumed  to  be  provided  via  commercial 
satellites.  i’AA  would  negotiate  dedicatee]  channels  over  most  of  CCNUS  with  an 
option  to  expand  the  number  of  channels  as  the  demand  requires.  For  example, 
the  demand  for  channels  from  midnight  to  G  a.m.  is  not  as  great  as  the  demand 
during  peak  traffic  hours.  In  low- traffic  areas  (e.g.,  in  remote  areas,  over 
the  oceans,  etc.),  the  channels  can  'no  shared  with  other  users  as  long  as  the 
aeronautical  safety  service  has  preference  to  the  channel.  Each  channel  is 
designed  to  accommodate  digital  data. 

In  terminal  areas,  compatible  terrestrial-based  E-band  voice  and  data 
communication  services  are  assumed  to  Ixj  provided  to  effect  a  more  economical 
service,  to  provide  increased  performance  (e.g.,  to  provide  continuous 


coverage  during  aircraf  t  ai;v:u\'(>ri } ,  am’/ or  to  provide  a  back-up  system  to  the 
satellite  service.  The  Ir-bunu  terrestrial  system  would  make  it  possible  to 
use  tlie  same  avionxcs  for  ail  communication  services,  and  therefore  could 
effect  user  equipment  economies.  Frequency  spectrum  needs  for  these  services 
are  presented  in  Section  8. 

The  doLa  rmk  o jiMiTuiiiicat i on  flow  for  the  continental  U.S.  for  the 
201C  time  frame  has  been  estimated  in  Section  6  based  on  forecasts  of  traffic 
developed  in  Section  5.  A  significant  amount  of  the  data  link  communications 
in  the  aircra£t-to-groui«a  direction  is  from  automatic  dependent  surveillance 
position  rojxart.':.  The  eommum cat! oas  also  include  system  integrity  messages 
related  to  the  evolved  GPS,  as  indicated  in  Section  6.  Inforniaticn  flow 
estimates  for  voice  •'xu-a.uni  cat  ions  were  not  developed;  instead,  estimates  for 
frequency  spectrum  neec.s  for  voice  services  were  based  on  consideration  of 
present  voice  service.*  as  presented  ir.  Section  8. 

The  oopabiii  access loility,  reliability,  and  integrity  of  a 
sat  >'il  it*.  corr.v-.sii  option  i  /stem  alvcred  service  are  issues  of  prime  importance 
for  the  aeronautical  safety  servi  as,  unci  are  discussed  in  detail  in 
.See.  lion.v  ~I.J  . :  .h  I.-.. 

7.  ,  ,u-v_; 

io  dopes'  ant  cjr\ oil lance,  using  satellite  communications  to 
relay  the  position  reports .  is  ass  anted  to  be  the  primary  surveillance  service 

J. 

for  all  a.  ‘ .  Primary  radar  ;  s  assumed  to  'be  available  in  terminal  areas 
and  would  lie  used  to  detect  .inequipjt**!  aircraft  or  aircraft  whose  automatic 
liopennoaf  surveillance  related  ecjuipmtj.it  liad  ma» functioned.* 

I’tovi  ur...  may  m-  '■*!' io  to  enuK.t'  ATC  to  obtain  an  independent  iine-of-position 
....  mi,  ..  osnge  .neasureno.-i,.  with  the  communications  channel  iin  conjunction 
wit  .,  a;  me  syr,< •. iron mil  i o; . )  r,<;  altitude  from  tlie  altimeter. 

'."he  i...u  y  radar  is  ;!<.»<  . -0o'.  to  letect  bird  formations  and  local  weather 


The  position  report  data  that  would  be  automatically  transmitted  to  the 
ground  system  would  be  taken  directly  from  the  navigation  equipment  without 
change  by  the  pilot,  and  therefore  would  indicate  the  position  of  the  aircraft 
(to  the  equipment  accuracy  limits).  Pilot  blunders  can  be  detected  at  any 
time  if  the  waypoint  data  being  used  for  navigation  is  conpared  against  the 
cleared  flight  plan.  Because  of  the  improvements  in  the  GPS  accuracy, 
avionics  reliability,  and  the  use  of  redundant  altitude  information,  the 
proposed  automatic  dependent  surveillance-based  system  is  assumed  to  be  at 
least  as  safe  as  the  current  system.  In  addition,  automatic  transmission  of 
position  in  lat/long  coordinates  makes  it  easier  for  a  particular  controller 
"radar"  position  to  accurately  display  the  position  of  all  aircraft. 

The  transmitted  information  would  include  such  information  as  aircraft 
ID;  navigation  sensor (s),  latitude,  longitude,  and  barometric  altitude,  GPS 
altitude  (if  available);  and  GPS  psuedo  ranges.  An  extended  position  report 
is  provided  by  suitably  equipped  aircraft  and  includes  the  above  plus  heading, 
ground  speed,  airspeed,  and  altitude  rate.  This  position  report  provides  the 
primary  surveillance  information  used  by  the  ATC  system.  This  information  is 
transmitted  at  a  rate  commensurate  with  the  airspace: 

The  rate  over  ..oea  is  cou  .d  .«  once  every  10  seconds,  'die  rate  for  U.S. 
on  route  airspace  as  assumed  to  ;>_•  once  every  4  seconds,  and  the  rate  in 
terminal  ureas  is  assumed  to  be  once  per  second.  The  extended  position  report 
is  transmitted  upon  request  by  ATC  and  whenever  one  of  the  parameters  exceeds 
some  specified  amount.  The  extended  position  report  may  be  used  by  ATC  to 
reduce  the  size  of  the  airspace  buffer  being  protected  due  to  the  uncertainties 
and  delays  in  the  system. 

7.1. .  ■’  Co  1  1 :  s  i  on  Av  1 1 c Ian  ~c 

Vue  WAD  muy  still  !*:•  in  use  as  an  independent  airborne  collision 
avoidance  function  in  the  2010  time  period.  Alternatively,  a  collision 
avoidance  function  may  be  implemented  in  conjunction  with  the  availability  of 
GPS  derived  automatic  dependent  surveillance  position  reports . 
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7.1.3  Summary  of  User  Equipment  Requir  mients 

A  minimum  airborne  avionics  complement  is  two  suitable  navigation 
receiver/processors  and  one  communications  transceiver/processor  to  satisfy 
the  ground  rule  that  no  single  system  element  failure  may  simultaneously 
eliminate  the  capability  for  cockpit  navigation  and  ATC  surveillance. 

MLS  would  be  required  if  CAT  II  and  III  precision  landing  operations 
are  needed.  Independent  airborne  collision  avoidance  equipment  is  optional. 

It  should  be  recognized  that  the  above  avionics  complements  do  not 
cover  avionics  capability  that  might  be  desired  in  large  transport  aircraft 
such  as  inertial  reference  systems. 

7.1.  '•  Summary  of  Service  Provider  System  Requirements 

Providing  that  the  satellite  air-ground  communication  services  could  be 
a  'loosed  satellite  service  (including  the  ground  station  capability)  the  FAA’s 
system  elements  would  be  limited  to  the  terminal  primary  radars,  the 
twirestiai-basac!  L-ba.  .r  g;  ..*1  .a, muni  cat  ions  sytem,  MLS  unu  th*1  ATC  data 

processir  umi  automat .a  -  A:A:  facilities. 

7. ; .3  System  Mull  Operational  Capability 

The  ful  lowing  back-up  modes  are  inherent  in  the  system  concept  assuming 
hr.-  minimum  a viou.es  complement  of  two  GPS  recei vor/processo-s  and  one 
. . tit  in  i  cat  ion;  transceiver/ processor : 

>  : )  A:.  »i rcraf  t  that  fails  to  transmit  its  position  either  because  of  a 
taiiute  t  no  navigation  <u  co.ranun: cat i on  equipment  is  expected  to 
revert  to  procedural  plan  (c.g. ,  continue  at  VFR  altitudes  to  the 
nearest  airfield  or  to  the  destination  along  the  route  filed  in  the 
flight  plan).  When  ATC  detects  the  failure  it  automatically 
.ntv oases  the  size  of  the  airs pace  buffer  around  the  projected 
position  of  the  aircraft  and  advises  other  aircraft  in  the  vicinity 
of  the  cleared  flight  path  of  the  failed  aircraft. 
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(2)  In  order  to  enter  controlled  airspace  an  aircraft  will  require 
operating  navigation  and  communication  equipment.  In  the  event  of 
a  navigation  failure  after  entering  the  airspace,  surveillance  and 
dependent  navigation  will  be  provided  using  primary  radar  with 
either  the  digital  data  link  via  satellite  or  terrestial  voice 
communications . 

(3)  A  collision  avoidance  system  (GAS)  is  used  by  equipped  aircraft  to 
provide  additional  protection  in  a  system  failure  mode,  and  to 
protect  against  undetected  system  errors. 

(4)  In  terminal  areas  where  terrestial  L-band  voice  and  data 
communication  services  are  implemented,  both  the  satellite  and 
terrestial  communication  services  will  be  available  and  will 
provide  protection  against  communications  system  outages. 


7.1.6  Summary  of  Satellite-Related 


juirements 


The  following  table  summarizes  the  L-band  spectrum  requirements 
estimated  to  be  needed  o  support  ’his  concept  in  the  2010  time  frame.  This 
data  was  obtained  from  Section  ;>  considering  the  functions  included  in  this 
concept.  Ail  the  L-band  spec t r urr/ service  capability  could  be  provided  by  a 
shared  service  except  for  the  terrestial  voice  and  data  service. 


["able  7.1:  L-Bond  Spectrum  Requirement  for  Concept  1J 


Function 


Downlink 
1545-1559  MIz 


Uplink 

1646.5—1660.5  MIz 


Space  Digital  Comm  3.3  4.0 

Space  Voice  Comm.  1.2  1.2 

Terrestial  Voice  &  Data  2.4  1.65 

(including  a  1  MIz  buffer  in  the  downlink) 

Adjacent  Geographic  Areas  1.0  1.0 

7.9  MHz2  0.65  MIz2 


Notes :  1.  The  L-band  spectrum  for  GPS  is  not  included  in  this  table 

(see  Section  0). 

2.  5.5  MIz  of  the  7.9  total  and  7  MIz  of  the  .1.65  MIz  total 

could  be  shared  with  a  secondary  land  mobile  service  which 
is  implemented  in  such  a  manner  as  to  assure  that  the 
sharing  conditions  of  Section  4.4  were  fully  satisfied. 
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Vac-  earth  station-satellite  link  spectrum  to  satisfy  this  concept  has  not  been 
identified. 

7 . 2  t&.pa  iavc  x.iuupcnder.t  Surveillance- Based  Concept  -  Concept  2 

7.2.1  Introduction 


The  concept  developed  in  tills  section  is  based  on  the  premise  that  the 
aviation  community  will  not  support  the  use  of  outomatic  dependent  surveillance 
as  a  primary  surveillance  system  in  the  continental  United  States  (CONUS), 
even  though  ;t  is  .anticipated  that  after  several  years  of  experience  with  GPS 
as  a  new  navigation  system,  the  level  of  reliability  of  GPS  satellite  service 
will  support  its  use  of  a  primary  navigation  source.  As  a  result,  some  form 
of  cooperative  independent  surveillance  system  will  Le  required. 

This  concept  assumes  that  space  technology  will  progress  to  the  point 
where  reliable  satellites  can  be  developed,  fabricated,  launched,  and  operated 
at  d  cost  level  that  will  enable  FAA  to  deploy  a  CCtJUS-wide  satellite 
surveillance  system.  This  will  enable  an  eventual  phase-out  of  all  of  the 
en  route  Mode  S  ground-based  sensor. .  During  a  transition  period,  both 
satellite  and  ground-bised  Mode  S  surveillance  will  be  operating  concurrently. 

'The  satellite  surveillance  system  concept  used  here  is  based  on  studies 
currently  neing  performed  for  FAA.  Tno  concept  calls  for  5-7  geosynclironous 
satellites  plus  3  in-orbit  spares.  Tiie  frequency  of  operation  is  nominally 
155b,  rather  than  1U30  and  1090  MHz.  A  4  MIIz  bandwidth  is  employed,  plus 
sate 111 te- to-ground  links  at  K-band. 

d.iteliite  service  is  expected  to  be  provjded  to  the  earth's  surface 
throuqhon-.  the  CONUS  and  in  immediate  off-shore  waters.  As  a  result, 
surveillance  service  will  be  provided  for  helicopters  operating  in  the  Gulf  of 
Mexico,  in  urban  areas,  and  remote  areas  not  previously  covered  by  the 
ground-liased  Mode  S  system.  Coverage  is  limited  to  the  CONUS  because  of  the 
nigh  cost  of  extending  the  service  to  oceanic  areas- — separate  satellites 
would  ’no  required. 
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Traffic  management  servlet  coverage  could  be  u*j  intained  to  the  earth's 
surface  everywhere  in  the  CuNUS,  if  d  sired.  Altitud.  will  be  measured  by  th 
system  and  checked  against  the  reported  altitude.  In  this  manner,  aircraft  in 
the  system  with  inoperative  or  malfunctioning  altimeters  or  encoders  can  be 
accommodated . 

In  the  current  Mode  S  concept,  aircraft  send  their  identification  codes 
and  altitude  reports  to  ATC  upon  receipt  of  interrogation.  Mode  S  also 
provides  a  uutu  link  which  erables  ATC  clearances  and  weather  information  to 
be  sent  from  ATC  to  the  aircraft.  Ir.  turn,  aircraft  car,  also  send  other 
information  through  this  link.  However,  it  it  anticipated  that  the  data  link 
functions  will  be  discontinued  in  favor  an  integrated  b-band  communications 
system,  as  with.  Concept  1.  Consequently,  the  satellite  surveillance  system 
concept  described  here  does  no*  include  a  data  link,  but  assumes  onl>  aircraft 
identification  and  altitude  will  be  transmitted. 

The  I band  satellite  data/vc..ce  link  is  expected  to  carry  all  other 
data,  and  will  additionally  support  voice  communications.  While  most 
ground-air  communications  will  be  conducted  without  voice  contact  between 
controllers  and  pilots,  voice  charnels  will  be  maintained  for  nonroutine  and 
emergency  commur.icut .  ,:.s  <w.  possiD.g  some  party- line  communications. 

As  with  Concept  1,  the  primary  navigation  system  is  assumed  to  be  GPS 
or  its  evolutionary  descendent.  Integrity  messages  and  differential 
corrections  (if  used)  will  be  transmitted  over  the  b-band  satellite  communi¬ 
cations  link.  GPS  may  1x2  able  to  provide  GAT  I  service,  including  horizontal 
and  vertical  guidance.  MLS  transmi r.ters  will  be  used  for  locations  requiring 
CAT  II  ,md  CAT  III  service. 

Since  independent  satellite  surveillance  service  is  anticipated  to  be 
available  only  in  the  CONUS  and  adjacent,  areas,  automatic  dependent  surveil¬ 
lance  will  lie  used  in  oceanic  areas  GPS,  which  is  available  worldwide,  is 
expected  to  lx?  the  primary  source  of  navigation  information. 
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During  the  period  when  Mode  S  transponders  are  required  equipment, 
collision  avoidance  will  utilize  TCAS.  Once  the  transition  to  the  satellite 
surveillance  system  has  been  completed,  collision  avoidance  protection  can  be 
obtained  by  processing  the  surveillance  unit  squitters  of  other  aircraft,  or 
by  reading  their  L-band  position  reports. 

7.2.2  System  Concept  Functions 

With  satellite-based  surveillance,  navigation,  and  communication 
traffic  management  service  coverage  can  be  extended  down  to  a  height  dictated 
by  traffic  density,  terrain,  and  other  operational  considerations,  rather  than 
by  the  limitations  of  ground-based  sensors.  Surveillance  service  is  expected 
to  'oe  provided  throughout  the  CONUS  dcwn  to  the  earth's  surface  for  those 
aircraft  requiring  or  desiring  it.  Helicopter  operations  will  be  fully 
supported  with  navigation,  communication,  and  surveillance  services  over  the 
CONUS  and  offshore.  VFR  flights  will  require  voice  or  data  communications  to 
fly  into  or  out  of  airports  with  control  towers.  To  operate  in  a  terminal 
area,  a  minimum  surveillance  transmitter  will  also  be  required  on-board.  An 
aircraft  conducting  an  IFR  flight  will  additionally  require  navigation 
equipment.  It  will  bo  possible  hr  non-precision  approaches  to  be  conducted 
to  airports  within  on  on  rouco  sector  using  GPS. 

7 . 2 . 2 . 1  Navigation 

Navigation  service  is  expected  to  'oe  provided  by  GPS,  which  will  support 
al i  on  route,  ocean l c ,  and  terminal  requirements,  as  well  as  non-precision  and 
CAT  I  precision  approaches .  MLS  will  provide  CAT  II  and  GAT  III  service. 

7 . 2 . 2 . 1  Communicat ions 

Communication  of  data  will  be  ace  eipiished  by  using  the  L-band  data 
link.  It  is  anticipated  that  much  of  the  ATC  routing,  instructional,  and 
clearance  communications  will  be  sent  on  the  data  link.  Voice  communication 
will  lx?  available  for  nonroutine,  emergency,  and  possibly  other  special 


services . 


Unlike  Concept  1,  aircraft  position  reports  to  ATC  will  be  issued  much 
less  often,  i.e.,  about  once  every  10  seconds.  As  a  consequence,  the  loading 
on  the  L-band  uplink  (aircraft  to  satellite  to  ground)  communications  links 
will  be  much  smaller,  about  50  percent  of  the  loading  of  Concept  1. 

1.2. 2.2  Surveillance 

Throughout  the  CONUS  and  adjacent  areas,  surveillance  will  be  obtained 
via  the  satellite  cooperative  independent  surveillance  system.  It  is 
anticipated  that  in  high-density  areas,  aircraft  units  will  squitter  at  about 
once  per  second,  elsewhere  at  about  once  every  four  seconds.  Current  studies 
indicate  that  the  squitter  mode  of  operation  can  support  an  instantaneous 
airborne  count  of  50,000. 

Two  concurrent  squitter  modes  are  possible:  the  GPS-synchronized  mode 
and  the  unsynchronized  mode.  In  the  GPS- synchronized  mode,  the  aircraft 
surveillance  unit  transmissions  are  timed  to  epochs  derived  from  the  GPS 
navigation  system.  In  the  unsynchronized  node,  the  aircraft  unit  transmits 
periodically  without  reference  to  any  satellite-to-aircraf t  signals. 

Synchrora zat ion  makes  possible  one-way  ranging,  which  increases  cue  accuracy 
and  reliability  of  tne  surveillance  measurement.  It  also  enables  a  collision 
avoidance  capability. 

liver-ocean  flights  will  operate  outside  the  coverage  area  of  this 
satellite  surveillance  system.  Since  the  density  of  oceanic  traffic  is 
assurumod  to  remain  low  and  separation  minima  are  assumed  to  bo  greater  than 
high  traffic  density  areas,  there  will  be  no  need  for  a  cooperative 
independent  survei 1 I.mre  system.  As  in  Concept  1,  the  primary  surveillance 
function  will  ixi  automatic  dependence  surveillance. 

7 .2.2.4  Collision  Avoidance 

TCAS  truy  still  txi  in  use  as  an  indoiiendent  airborne  collision  avoidance 
function  in  the  2010  time  period.  Tne  Mode  S-based  airliorne  collision 
avoidance  equipment  may  eventually  evolve  to  utilize  the  satellite 
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surveillance  system  aircraft  squitters  in  the  COtlUS  and  adjacent  areas. 
Aircraft  can  obtain  protection  against  other  aircraft  whose  squitters  are 
synchronized  with  GPS  time  by  purchasing  a  passive  GAS  receiver/processor .  In 
oceanic  areas,  collision  avoidance  protection  can  be  obtained  by  a 
receiver/processor  which  detects  the  L-band  data  transmissions  (required  for 
automation  dependent  surveillance)  of  other  aircraft  and  reads  their  position 
reports.  'Hie  reports  are  anticipated  to  transmit  about  every  4  seconds. 

7.2.3  Summary  of  User  Equipment  Requirements 

A  minimum  airborne  complement  of  avionics  is  one  GPS  navigation  unit 
(two  suitable  navigation  units  for  oceanic  airspace  where  cooperative 
independent  surveillance  is  not  available);  one  surveillance  unit,  which 
transmits  at  least  in  the  unsynchronized  squitter  mode  (altitude  reports  must 
ix?  included  in  the  squitters)  and  an  L-band  communications  transceiver/ 
processor  for  voice  and  data  communication. 

MLS  would  xx*  required  if  CAT  II  and  III  precision  landing  operations 
ore  needed . 


It  show!  I  ixf  *;niz <*.  the  ...x>ve  avionics  complement  does  not  cover 
.iv . •£:  .\i:\n'i  ii.y  that  aught  be  • ’os  1  ret l  in  large  transport  aircraft  such  as 

i  i a i on  Avoidance  equipment  is  optional. 

' .  .4  . . . .  •  i  Service  Provider  System  Requirements 

i t  n  -r .  .mil  communications  system  requirements  are  the  same  as 
•  •  i';  >  • 


i.  .t;  to  the  7-7  geosynolu  on>  >us  satel  lites,  the  surveillance 
,1:0:.  >i  a  jround  station  and  a  network  of  calibration  and 


equ  lpne.nt  . 
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Each  satellite  will  employ  a  number  of  beams  to  cover  the  CCNUS  .and 
adjacent  .ureas .  The  concept  currently  being  studied  calls  for  45  beams,  each 
covering  an  area  about  300  miles  across.  Several  satellites  will  be  capable 
of  transmitting  the  synchronizing  signal.  The  squitter  transmissions  of  the 
aircraft  will  be  received  by  all  the  satellites  in  view  (typically  4  or  5). 
Each  satellite  will  act  as  a  repeater,  with  a  channel  assigned  to  each  beam. 
High-gain  antennas  at  the  ground  control  station  enable  each  satellite  to  use 
the  same  frequencies. 

The  signals  from  the  satellites  will  be  received  at  two  control  centers, 
one  to  hack  up  the  other.  The  aircraft  position  reports  will  then  be 
distributed  to  the  ACE's.  En  route  traffic  management  can  be  performed  either 
at  a  single  center,  or  at  the  ACE's. 

Several  stationary  ground  transmitters  will  be  located  within  each  beam 
spot  at  known  locations.  They  will  be  used  to  monitor  the  signal  quality  and 
timing.  Their  transmissions  will  also  provide  a  means  for  compensating  for 
satellite  drift  and  ionospheric  delays.  They  will  also  provide  local 
’ourometric  pressures  via  the  altitude  report  on  the  transmissions. 

7.2.5  System  Fail  Out  Ti.t  long:  Cau.m  1 i ty 

in  concept  2  the  fail  operational  capability  is  similar  to  that  of 
today's  system.  A  loss  of  navigation  capability  on  one  aircraft  will  be 
handled  by  a  combi  nut  i  or.  of  surveillance  and  communications,  whereby  a 
controller  provides  approach  and  landing  instructions  or  reroutes  the 
aircraft.  A  loss  of  surveillance  will  be  handled  by  a  combination  of 
navigation  and  communications;  the  L-lxand  data  link  will  provide  postion 
rejiorts  of  the  incapacitated  aircraft.  A  loss  of  communications  will  bo 
handled  by  ATC  providing  additional  separation  around  the  incapacitated 
aircraft.  The  pilot  can  use  the  surveillance  system  to  inform  ATC  of  his 
plight,  1  n»onuso  a  few  data  bits  will  lx-  aval  table  in  the  aircraft  message  for 
this  purfxxie. 
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Within  each  function  there  is  considerable  system  reduntiancy  that 
null. jutes  against  a  loss  of  function  what  would  affect  a  large  .number  of 
aircraft . 

For  over-ocean  flights,  aircraft  will  be  required  to  carry  two  GPS  sets, 
or  one  GPS  set  plus  another  navigation  unit.  This  is  to  meet  the  ground  rule 
th.it:  no  si.igie  system  element  failure  should  simultaneously  deprive  the 
aircraft  of  Ixifh  navigation  aid  surveillance. 

As-  .vi  t’n  Concept  1,  the  navigation  system  involves  extra  satellites  and 
;r  .  „,d  monitors  which,  enable  full  coverage  with  several  satellite  failures, 
h.  hi  .rly,  hue  ’..-band  comm uni  cat  ions  system  lias  multiple  satellite  transponders 
a.-,  or... nurds  which  Can  accommodate  satel  1 1  te  component  failures. 

h.  ■  he  satellite  surveillance  system  there  are  spares  which  car.  be 
.  voted  1:.  case  of  a  satellite  failure.  The  loss  of  a  satellite  would 
-e  hue  accuracy  of  the  surveillance  measurements,  but  would  not  cause  a 
ho::-  o'  s.uvr .  1  lance  function.  Several  aspects  of  the  system  concept 
g  ,  c  • .-  ,  .•■.•pu.ute.ess .  if  the  .‘-.quitter  transmissions  of  the  airborne 
.  i  «  .  '  .  •  .  ...  :  :,  m  additional  level  of  re  < :  eiiity  is 

..  wa  /  ...  ■  o.g  made  jxnssible  by  the 

.  •:  ...  ...  < • .  1  . •  <.  o.<  5  equircd  to  establish  the  aircraft's 

•\  i  ..  ,  the  ultit.xie  report  in  each  scjuitter  can  be  read  by  any 

,  .  .new,  f.iis  information,  aioi.g  with,  the  range  measurements  from 
, . 1  ■  • e'.  1  i  ten,  would  give  degraaed,  but  adequate,  position  accuracy. 

i  . c  dependent  suivoi .  iat.ce  mode  oi  Concept  1  cou  1< !  lie  used  as 
...■  <  ■  *’  a  widespread  loss  of  satellite  services,  for  example,  a 

, .  •  •  ,«..n oi  one  or  nor  •  sat  >■  i  1  i  t<~s.  Aircraft  in  the  affected  area 

• .  v  •  jo  from  the  central  con  hr  .>1  center  via  the  n-ivind  data 

i  ..... .  ,,x  ..n.  ci.  .-.ici.  aircraft  won.  i  lx«.,iu  reporting  navigut  ion-der  i  ved 

a  ;  i.  ,  •  .;u;e  t\i  jeeond .  Tms  would  cause  a  sudden  surge  in  < '< >mmun i - 

C  .  .i  ;  c -  A: ;  a  result,  ■'  .In  ’  ,  ’  X  -  ..  i  e,  c  vi*  ’  i  ty  S  hou i  i  *  i  V  available  t  o 

•i  *  '  IV  ’i  l  -111  <  'V‘  *i  t !  ( i<.  i  I  1  l.  y . 
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-•••  "primary*  radars  are  retained  in  the  terminal  areas,  they  could 
servo  a.3  a  backup  for  the  satellite  surveillance  system. 

7.2,6  S' nmnr-y  of  Satoi  Iitc- Related  Spectrum.  Requirements 

The  Standard  Positioning  Service  of  the  GPS  occupies  2  MHz  at 
1575  MIz,  It  nay  prove  adequate,  if  differential  GPS  is  used,  to  provide 
CAT  i  piccluior  landing  service.  Alternatively,  the  additional  spectrum  now 
usee.  far  high-precision  applications  may  become  available.  If  so,  the  full 
1.%3-j.Ubi  ’ll  bandwidth  of  tine  GPS  may  be  used,  as  well  as  the  second  GPS  band 
at  12i7“i2H7  MIz.  The-  uplink  controlling  the  satellites  from  the  ground 
stations  employs  2  MSIz  at  S-fcand  11704  MHz; .  The  downlink  uses  a  similar 
2  iviiz  asiiigrimruit  at  2210  Aiz. 

idle  use  of  the  1020/1090  MIz  frequencies  will  eventually  be  phased  out 
as  the  ground  Mode  S  sensors  are  removed.  It  is  estimated  that  the  satellite 
surveillance  system  would  require  about  4  Mdz  for  the  aircraft-to-satellite 
un k  Olid  about  i  MHz  for  One  satellite- to-aircraft  link,  assumed  to  be  in  the 
1646 . 5- 166u . 5  MIz  and  1545-1559  MIz  L-band  segment  respectively.  The 
satellite/ ground  ( space- to- ear th  backhaul  link)  requires  a  total  of  200  MIz  in 
a  fixed-da  La  bite  band,  assumed  here  to  be  at  20.2-21.2  GHz.  Tne  200  MIz 
requirement  is  a  result  of  assigr.ing  each  of  45-50  beaiiis  to  a  separate  4  MHz 
channel  (concept  2  was  based  on  a  design  not  requiring  aircraft  transmission 
synchronization  by  cue  surveillance  system;  however,  to  retain  system 
flexibility,  1  MIz  of  satellite- to-aricraft  spectrum  is  reserved  for  such 
functions  as  possible  synchronization  of  aircraft  transmission  and  system 
integrity  messages). 

This  concept  would  also  require  ail  the  spectrum  needed  for  the 
Automat*. c  b.';x.,ident  Surveillance  Concept  of  Section  7.1,  except  that  the 
uplink  Space  Digital  Ccmmuni  cat  ions  requirements  would  be  reduced  from  4.0  MHz 
to  a  jo  Lit  2.5  Miz  due  to  a  decreased  rate  of  automatic  dependent  surveillance 
pos.aion  reporting  -  Table  7.2  below  summarizes  the  L-band  spectrum  needs  for 
this  concept. 


v-  i;  . 


:<■  the  required  nunuxir  of  CAT  1  MLS  facilities  ray  be  reduced,  the 
k.'-.o  ic-o  of  103 1-509  1  '3 1/,  will  :x>  retained  to  support  CAT  II  and 

facilities.  The  UME  funccio.1,  which  uses  frequencies  between 


lly  be  replaced  by  use  of  GPS  measurements. 


ih:u quo  for  Concent 


.»sl.  grc m.p  chose  Concept  2  because  of  the  high  level  of  independence 
for  the  surveillance  function.  That  is,  the  system  independently 
•i.inensionai  surveillance  without  any  aircraft-derived  altimeter 
j  group  also  considered  another  concept  that  uses  synchronized 
Tao  alternate  concept  provides  considerably  less  independence  of 
.  ..  but  has  merit.  Used  in  conjunction  with  the  automatic  dependent 
■  system  of  Concept  1,  it  could  serve  to  crosscheck  the 
ierived  measurements,  and  provides  a  level  of  independent 

.  ?« *  i»  >  a.  Lity. 


nite'-uate  concept  is  'nosed  on  a  tone-ranging  scheme  to  establish 
g.urements,  although  other  sc'nemes  sucli  as  spread-spectrum 
coni  a . so  used.  In  this  scheme,  position  measurements  are 
r. ,  two  commercial  geostationary  satellites  and  the  airborne 
Too  geometry  provided  by  a  third  geostationary  satellite  would  not 
n v:. racy  requirements  of  surveillance.  The  single  most 
.a  ft-. .turn  of  this  scheme  is  that  without  an  onboard  measurement  of 
requires  an  encoding  altimeter  on  every  participating  aircraft, 
■  ■  ■  i.  f  .!  i  •.  .owl edge  of  the  aircraft’s  positiori.  furthermore,  an 
gu  aitoiune  translates  into  a  comparable  error  in  position. 

•  i: ■  •..< ‘V* mi  ..t tractive  features: 


■  i vice  wouivi  uvai  l.able  within  a  (iijr.iilc,  tiie 

:  r.ie  scheme  could  no  tested  wi tiiout  a  large  capital 
■  i > .  ;  v  n  ■  1  > I  ti  ie  government . 


I  l  *  L  ■  .  |M,V, 


i  C  U 


5  Ijo; 


...  .  i  L  Si'  ...  a.  i.  'A  .  i  I\  i  .  _  .  i 

F  A  i 

v.  :  A  1  .  wS  a  ...  1  . .  i  . 


m  i.  ^  i>.'.  j  i  <.'  ..  ..  j  0."  .i  u  n  j-  ~  ...  i.  ■  ... .  i  ,  r  <  o .  ■  g  u  c  ^  o  i  n  1  r  i  e  radio 

.  '  *  . ...  •  nay  s  *  i ...  aJ  .<jcau;>i  ;jy  ;.u  rr.  ;;orai  reifcorimunica- 

ci>.;.  L  r,  i.  v/ 1  ,  .V  ;  ..  ac  1 1’-'  v.’ to  ..o  oCT  j.-.au:  icai  moot  If;  (R) 

it*:  v  )  .  a  a.  J. .  ■ '/  i  0^0  I  uC  i  ...’  -J  .-  a'  O  S  V  .  >  ,  CO  ii.  Ii:  S  1  C  . .  A  .  A.  T  S  ci  1  e  COnOUCtGQ 

ti r  V ;i ;■  -..a.  FF-  ,.'ni  •  n  trr  rucjrt,  •.* i.  \  :  oe  accommodated  in  higher 
i->  r  a  :  a  ". .  a  r  the  ;  •  i  >  free,  a  a  no-  c  c  r  i  -m  r  uca  as  the  exclusive 
.  on '..t  .  a  '  .  v  ,..a  >  f  >  i».  a t  e  t-;  Cw.no.'.:  between  1635  and  1  660.5 

hi  i . ".  x  i,.u,iW.ey  do'  '  -i.  c::c  ;.ot.  too  distant,  future, 

.  r  •. ...  t-i.v  .  t  i..  ..  On: ;d  w  i  I  j  ue  useo  i  or  both  terrestrial 

..  .<  .  ....•  .  .  :  >-  ..£>;>1  c..'  ■.  ..  --  v.  i  /  e  o :  .*  for  domestic  use  and  via 

i  vi  *  ,  -  i  i.  r  ■  i  vo  i  ‘  . j  r»  l  . '  »  i  t .  !  kj ij-.v  >- o  a  •  • '* u b  -  n-  n  i  s  pcip6  r 

a..,  .  i ,  a.  ;  w.,iv..A  a  at  ion.-.,  t  f  o  y.xU  spectrum  in  this 

i J  o  ■ .  i  ’vv  i  .  i  l.: r ♦  t ;  ; C.  . * O  l. ( ■  i  • « r  0  .  _ u  c  r  .  _  ?  £i  "  i .  I  /  tl I  >. O  Ii  0 CJ  U  i  I  fci? hlG  n  t  S  OH  3 

f ’•  V  t. ,  4  y  td  3  r  *.  v.'  i.  « 


w  o ; 


:C>-*  f.;v  i‘ 


t.ons,  out  me a  operational  control 


. .  •  ii  o  ;  'no  ••  <v.  o  '.  so  o .  <..ut  -.or  A  ty  over  the 
■-.i.  i  a  i ... '  a..:,  ,  a  :  a'.:-  .  n.nfion  of  a 

i  ~  a. <  • .  v  . )  •  v  :  . : ' *  ...I  v  ^ c. y  o i  Ci  •  i -i  'TCui  t  /  3 n o 

y  ci  ^  x  ;  i  c  i  g  n  c  y  c ;  i  3  i*  1  cj  n  t , 


•  .■  .  '.‘.t  O'di  Ci 


0^  .  t.-.  ■  1 . 


An  .ope:  a  tot  or  his  designated 
.  .  ...  y  i  uT  ope:  l  i  o n a  j. 


.or. a.  >  ..■■-nr. :o..  .nas  come  ir.co  prominence 
a  :va  'a  >vi  :t  .or.  accoiTipun  ted  by  an 
....  . a.  ;  a  1 r c r a t  able  to  operate  over 

■  . * e i aj n t a.  a  .o  i r i  adverse  weather 

ii.  y  .  r. . *  I  ....... a.1  a .  r a  i  i  :  c  o e n s  i  t y  and  by 
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1  ‘  '  y o>’:  o  '.  .Oiiii  P  3  a  n  *  r  n  and 
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•  .  .  .  .  .  . ..••‘a;  ic.,1 

1 .  o n  f  i .  1. .  ii  1  i  c  1  a i  t  by 

....  -  ..1  ,r,  a  r  o-  nan  moderate 

a.  ,  -no  -s'  v  u  i  at  re  degree  on 
.  .  .  »  . .  ,  ..  ..  to  restricted 

■  ;  ....  f-.  .»  to  air  nav  igat  ion , 

;  O'  a t  c  :  •  1  Vv.;  ,  j  .  ted  and  much  was 
:  :  ..  ...  .  no  to  '.'o.T.inence  . 
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Table  8.G 

SUMMARY  — -  SPECTRUM  REQUIREMENT  FOR  MOST  DEMANDING  CONCEPT 


DOWNLINK  UPLINK  OTHER 

Paired  L-3and  Paired  L-3and  BANDS 

*Spuce  Common  icat  icxis 
( i  nc  1 ud lag  automat i c 
dependent  surveillance 
reporting  once  every 
10  seconds ) 

Digital  3.3  MUz  2.3  MHz 

Voice  1.2  Muz  1.2  MHz 

**Terrestr iul  (Crouud-to-Air ,  2.4  Miz  1.65  MHz 

Non-Satel r  ite  '/o ice  i*  Da^a 
( incltxliag  1  MHz  buffer  on 
downlink) 

*Spuce  Commurucat  ions 

Adjacent  geographic  are^.  1.0  Miz  1.0  MHZ 

Services  inhere  frequency 
reran  is  not  possible) 

**>Space  Cooperative  Independent  1.0  Miz  4.0  Miz 

Surveillance 

Space  Radar  20  Miz**** 

'  noncooparat *ve  surveillance') 

SLxiC;..-  Coumunrcat ions 

(operational  Cont-cl)  5.6  Miz  5.6  Miz 

1475  Miz  15.95  MHz  2CTmUz  " 


*Ynose  d  '  .ieicie;  can  oe  snared  with  a  secondary  land  nobile  service  which 
in  such  a  manner  as  to  assure  that  the  sharing  coixlit ions  of 
a  ■>  nan  4.4  are  f ul ly  satisfied. 

*  *Ot  ij,  ,<il  iDi  t' 

***..  ,.t  s...tr.ii/ie  v.ce-o<iseu  system  similar  to  Mode  S  is  chosen.  Possibly 

not  yhraublc*  if  synciironizod,  range-based  system  is  used. 

****;P’>.-i  for  Unis  f uact ion  expected  to  utilize  a  radionavigat ion  satellite 
ba’xi  'nut  ween  15.nl  and  LG  10  Miz. 


Table  0.4 


FOR  CONCEPT  3  —  ATC  IHNCTTCtJS 

DOWNLINK  UPLINK  OTHER 

Paired  L-3and  Paired  L-Band  BANDS 

is  fa.  Concept  z  8.9  M Iz  10.35  Mllz 

plus 

Si *  ti.e  *<  if 

\  I  iv  *  cl  C  a.  Vt3  3  III*  VG . .  A.  lcUlC6  ) 

8. J  Mfiz  10.35  MUz 

*Spoctrur>  far  this  function  expect eu  to  utilize  a  r adionavigat ion  satellite 
bans  between  L5S5  and  16 j 0  MHs. 


20  MHz* 

20  MHZ 


Table  3.5 

SPECTRUM  REOUIRE^ENT  FOR  OPERATIONAL  CONTROL  FUNCTIONS  — 

ALL  CONCEPTS 

(provided  by  ARINC/ATA  on  belialf  of  scheduled  airlines) 


DOWNLINK  UPLINK  OIHER 

Paired  L-Band  Paired  L-Band  BANDS 

i  -  *-v  '—O- . it . »\.li  i  a. Celt  i 0113 

ional  Control)  5.o  MUz  5.6  MHz 


ATC  FUIJCTI  QNS 
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rnabie  B.3 

tm  CONCEPT  2  (A  or  a)  — 


DOdNLIMK  UPLINK  OniER 

Paired  1,-Band  Paired  L-Band  BANDS 

*Space  Communications 
(including  automatic 
dependent  surveillance 
reporting  once  every 
10  seconds) 

Digital  3.3  MIz  2.5  MHz 

Voice  1.2  MIz  1.2  MIz 

**Terrestr  ial  (Groun<l-to-Air )  2.4  MIz  1.G5  MIz 

Non-Satell ite  Voice  u  Data 
(including  1  MIz  buffer  on 
down  l  ink ) 

*Stxice  Camunicat  ions; 

Adjacent  geographic  area  1.0  MIz  1.0  MHZ 

Services  (wiiore  frequency 
reuse  is  not  possible) 

**Space  Cooperative  In<lependent  1.0  MIz  4.0  MHz 

Surveillance  (System  similar 
to  Mode  S  surveillance 
function,  with  independent 
alt  it ude  checu) 

or 

***Space  Cooperative  Independent  1.0  MIz  4.0  MHz 

Surveillance  (Synclironized, 
rut ige-inused  survei  1  lance 
requiring  aircraft  altimeter 
v  lata / 


3.9  MIz  10.35  MIz 

*V, :'r«?gueiioios  can  oo  shared  witn  a  secondary  land  mobile  service  which 
is  implemented  in  such  a  manner  as  to  assure  that  the  sharing  conditions  of 
Sect,  ion  •r.4  arc  fuily  satisfied. 

* *1  «’o t  shar.uh  e 

***i’osoioly  ;  * ** ***>  t  shamble 


Table  3.2 


FOR  CONCEPT  1  —  ATC  FUNCTIONS 


DCMJLINK 

UPLINK 

OTHER 

Paired  L-Band 

Paired  L-Band 

BANDS 

*S|.vace  Communications 
(including  automatic 
dependent  surveillance 
reporting) 

Digital 

3.3  Mlz 

4.S  Mlz 

Voice 

1.2  Mlz 

1.2  Mlz 

**Terrestr ial  (Ground-to-Air ) 

2.4  Mlz 

1 . 65  Mlz 

Non-Satellite  Voice  a  Data 
(including  1  Mlz  buffer  on 
downlink) 

*  ^;xic  e  Coimmi  in  i  ca  t  i  ons 

Adjacent  geograpliic  area 

1.0  Mlz 

1.0  MIZ 

Services  (where  frequency 
reuse  is  not  possible) 

7.9  Mlz 

8.65  Mlz 

*Yhese  frequencies  can  be  shared  with  a  secondary  land  mobile  service  which 
is  implemented  in  such  a  maiiner  as  to  assure  that  the  sharing  conditions  of 
Section  4.4  .are  fully  satisfied. 
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It  was  notec  above  tnat  a  practical  design  for  a  satellite  communi¬ 
cations  service  requires  consideration  of  frequency,  time,  and  coding 
multiplexing  schemes.  Provision  must  also  be  made  to  permit  cost-  and 
spectrum-efficient  intu.oduct.-on  of  the  services,  growth  in  service  demand,  and 
possibly  cyclical  changes  in  demand,  as  well  as  considerations  of  avionics 
cost.  For  the  purpose  of  this  study,  certain  assumptions  were  made  about  such 
factors,  but  no  complete  design  was  performed  which  would  establish  optimal 
c’lanneling,  specific  frequency  reuse,  required  osc illator  stability  and 
Doppler  shift  accommodation  modulation  and  coding  formats,  inefficiencies 
introduced  to  permit  simple  system  acquisition  anu  preclude  interference,  etc. 
Such  specific  designs  will  have  an  inpact  on  final  spectrum  requirements. 

Practical  designs  could  result  in  a  need  for  more  spectrum  than  has 
been  identified  here,  but  the  group  felt  that  the  rapid  technical  evolution  of 
satellite  system  designs,  long  with  the  prospect  for  a  gradual  introduction 
of  the  services,  makes  the  assumptions  reasonable  for  new 

Tne  summary  tanles  below  do  not  include  the  L~band  spectrum  utilized  by 
the  GPS.  While  the  SPS  capability  presently  promised  to  the  civil  community 
takes  only  abpui.  2  MHz  of  spectrum  centered  at  1575.42  Mhz;  the  total  GPS 
system,  with  its  dual  frequency  precision  ranging  capability,  utilizes  a  total 
of  slightly  over  40  MIz  (+10.23  MHz  centered  at  1575.42  MHz  and  at  1227.6  MIz). 
(In  addition,  the  GPS  employs  approximately  4  MHz  for  satellite  control). 
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8.6  Spectrum  Requirements  for  Space-Based  Cooperative  Independent 

Surveillance 

f''he  spectrum  requirements  for  a  space-based  cooperative  independent 
surveillance  function  (Section  7.2)  is  estimated  to  be  4  MHz  for  the  uplink 
and  1  MHz  for  the  downlink.  This  bandwidth  is  estimated  to  be  needed  to 
handle  a  50,000  peak  instantaneous  aircraft  count  with  a  peak  aircraft 
position  update  rate  of  once  per  second  in  terminal  areas  and  a  rate  of  once 
each  4  seconds  for  en  route  airspace.  This  function  is  assumed  to  be 
implemented  in  the  paired  Lr-band  segments  (i.e.,  1545-1550  MHz  and 
1646.5-1060.5  MUz) ,  but  might  also  be  considered  for  implementation  elsewhere 
in  the  aeronautical  mobile  satellite  (R)  band  segments. 

An  alternate  space-based  cooperative  independent  surveillance  system 
concept  cased  on  using  two-way  ranging  with  geostationary  satellite  and  using 
aircraft-derived  altitude  inputs  is  estimated  to  require  a  similar  amount  of 

spectrum. 

8 . 7  Space  Radar 

A  total  of  20  MUz  of  frequency  spectrum  has  been  estimated  to  be  needed 
co  implement  a  space-based  non-cooperative  independent  surveillance  function. 
Consideration  should  lie  given  for  reserving  such  spectrum  in  a  suitable  band 
for  this  function.  The  spectrum  for  this  function  would  be  expected  to  come 
from  a  radionavigation  satellite  band  between  1505  MHz  and  1610  MHz. 

: i . C  Sutukuy  of  Estimated  L-Band  Spectrum  Requirements 

7h> ■  following  tallies  present  summaries  of  the  L-band  spectrum 
n  ou i cements  estimated  to  lie  needed  in  the  2010  time  period  for  the  concepts 
considered  for  the  identified  functions,  and  considering  various  assumptions 
regarding  future  traffic,  information  flow,  satellite  system  design,  and  system 
efficiency.  Tables  8.5  and  8.6  also  consider  the  spectrum  requirements  for 
operational  control  functions  estimated  and  provided  by  ARINC/ATA. 
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requirement  for  voice  is  assumed  to  be  1.2  MHz  for  each  directio.  ,  the  same  as 
for  the  satellite  service.  The  bandwidth  requirements  for  data  are  derived 
from  Table  6-2,  but  using  a  peak  airborne  count  of  1500  assuming  the  busiest 
terminal  area,  as  derived  in  Section  5.4.  Tnis  resulted  in  data  communication 
spectrum  requirements  of  0.2  MHz  and  0.45  MEIz  for  the  ground-to-aircraft  and 
aircraft-to-ground  directions  respectively.  Because  of  the  uncertainty  of 
this  concept  at  this  time,  the  spectrum  requirement  for  satellite  services  was 
not  reduced  as  a  result  of  adding  L-band  terrestrial  ground/air  service. 

Aircraft  are  expected  to  receive  voice  and  data  communications  from 
both  satellite-based  and  terrestrial-based  services  in  the  same  1545-1550  MHz 
band.  There  would  be  considerable  disparity  in  received  pcwer  in  the  aircraft 
from  these  two  services.  Degradation  is  likely  to  occur  in  receiving 
satellite  communications  onboard  aircraft  from  adjacent  terrestrial-based 
transmissions.  Therefore,  while  no  studies  have  been  carried  out  to 
investigate  this  concern,  a  buffer  of  1  MHz  has  been  allocated  to  separate 
these  satellite-based  and  terrestrial-based  services. 

0.4  Operational  and  Administrative  Communications  Spectrum  Requirements 

The  bandwidth  required  to  permit  aircraft  to  communicate  with  corporate 
facilities  lias  been  estimated  by  ARINC  to  be  5.6  MHz  (see  Appendix  A).  This 
estimate  is  based  on  a  baseband/ RF  translation  improvement  of  more  than 
two-to-one  over  existing  voice  and  data  services.  No  additional  frequency 
reuse  over  that  presently  ’ised  is  assumed. 

0.5  Spectrum  Requirements  for  Areas  Adjacent  to  High-Traffic  Areas 

In  order  to  provide  a  continuity  of  service  to/ from  geographic  areas 
adjacent  to  high-traffic  areas  where  frequency  reuse  is  likely  not  to  be 
employed,  an  additional  1  MHz  of  spectrum  is  estimated  to  be  required.  It  is 
assumed  that  such  spectrum  would  be  sufficient  to  provide  voice  and  data 
communications  to  the  far  lower  number  of  expected  users  in  these  areas  (see 
Section  5.7) . 
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The  result  is  a  digital  data  requirement  of  4.0  MHz  and  3.3  MIz 
for  the  up  1  ini;  (i.e.,  aircraft-to-satellite)  and  downlink  (i.e., 
satellite-to-aircraf t)  respectively. 


TABLE  0-1 

SUMMARY  QF  DIGITAL  LATA  CQMMLRSHCATICNS 


MBPS 


UTILIZATICN 

FACTOR 


SPECTRUM* 

(MHz) 


o  Aircraft  to  Ground 

rerminai  4.5 

En  Route  9.0 


0.7 

0.7 


1.6 

3.2 

4.8 


o  G round  to  Aircraft 

Terminal  2.0  0.7  0.7 

En  Route  7.3  0.7  2.6 

3.3 


"Assumes  •» :  1.  Reuse 


'.2  Sate- 1  lit e  System  Voice  Spectrum  Re.quirements 

rTno  spectrum  requirement  for  satellite-based  voice  communications  was 
derived  from  the  existing  service  in  the  118-136  MIz  VHP  band.  Which  utilizes 
a  chiianel  spacmgs  as  low  as  25  KHz.  It  lias  been  assumed  that  voice  channels 
oouirt  be  reduced  to  12.5  KHz  using  modern  oscillator  technology.  In  addition, 
it  was  assumed  that  the  demand  for  voice  channels  can  be  reduced  in  half  by 
utilizing  data  channels  for  the  majority  of  the  communications.  As  a  result, 
a  voice  Kindwidth  of  1.2  MHz  has  been  estimated  to  be  adequate  for  both  the 
upliiik  an i  the  downlink.  Since  the  present  implementation  at  V1IF  already  uses 
extensive  frequency  reuse,  no  further  frequency  reuse  was  included. 

Verrer-tr  1  : >yst < -m  Voice  <md  Data  Spectrum  Requirements 

A  ’  -  ip- 1  ’  terrestrial  voice  a,ni  data  capobi  1  icy  is  assumed  for  use 

it.  terminal  areas.  Tiiis  service  may  serve  as  a  primary  terminal  service  or  as 
..  '.me'.;-;;,  service  to  the  sa tei  1  ite  oonmun i Cation  service.  The  bandwidth 


Spectrum  Requirements 


The  communication  bandwidth  requirements  to  support  the  three  concepts 
described  in  Section  7  to  service  a  high-traffic  region  are  summarized  in  this 
section.  Consideration  is  also  given  for  the  possible  spectrum  needed  for 
lower  traffic  density  adjacent  areas.  The  bandwidth  requirements  developed  in 
this  section  are  for  the  aircraft-to-satellite  (i.e.,  uplink)  and 
sateilite-to-aircraft  (i.e.,  downlink)  communications.  The  bandwidth 
requirements  for  the  earth  station-satellite  links  are  not  addressed. 

'line  digital  data  flow  requirements  estimated  in  Section  6  have  been 
used  as  a  basis  for  estimating  the  frequency  spectrum  for  digital  data 
communications.  The  estimates  of  frequency  spectrum  needed  for  voice  services 
have  been  based  upon  a  consideration  of  present  voice  services  and  bandwidth 
uti] ization. 

n. 1  Satellite  System  Digital  Data  Spectrum  Requirements 

The  satellite  system  digital  data  communication  spectrum  requirements 
to  support  Concept  1  are  presented  in  Table  0-1.  These  estimates  are  based 
upon  the  information  flow  estimates  presented  in  Section  G.  The  basic  TBPS 
rates  from  Section  G  include  allowances  for  protocols  and  Rate  1/2  error 
correction  taxiing.  These  data  rates  have  been  translated  into  radio  frequency 
(RF)  spectrum  bandwidths  under  the  following  assumptions: 

(1)  The  translation  from  baseband  to  RF,  and  vice  versa,  can  be 
implemented  on  a  1  BPS  to  1  llz  ratio. 

(2)  A  70  percent  channel  utilization  efficiency  factor  is  assumed 
(e.g.,  to  prevent  garbling  or  interference). 

(3)  A  four-to-one  system  frequency  reuse  factor  is  assumed.* 


See  Aptxmdix  li  for  discussion  on  frequency  reuse. 


Table  7.2 

L-Band  Spectrum  Requirements  for  Concept  2 


Downlink  Uplink 


Function 

1545-1550  MHz 

1646.5-1660.5  MHz 

Space  Digital  Comm. 

3.3 

2.5 

Space  Voice  Comm. 

1.2 

1.2 

Terrestial  Voice  and  Data 
(including  a  1  Mlz  buffer 

2.4 

1.65 

in  the  downlink). 

Space  Coop.  Ind.  Serv 

1.0 

4.0 

Adjacent  Geographic  Areas 

1.0 

0.9  MHz2,  4 

1.0 

10.35  MHz3,  4 

Notes :  1 . 


The  L-band  spectrum  for  CPS  is  not  included  in  this  table  (see 
Section  8) . 


2.  5.5  MHz  of  this  total  could  be  included  in  a  shared  service 
(6.5  MIIz  could  be  included  in  a  shared  service  if  an  Alternative 
2  type  concept  is  considered) . 

3.  4.7  MHz  of  this  total  could  be  included  in  a  shared  service 
(0.7  MHz  could  be  included  in  a  shared  service  if  an 
Alternative  2  type  concept  is  considered. 


4.  The  }x>rtions  of  spectrum  from  these  totals  that  could  be 

considered  for  a  shared  service  (see  Notes  2  and  3  above)  could 
bo  shared  with  a  secondary  land  mobile  service  which  is 
implemented  in  such  a  manner  as  to  assure  that  the  sharing 
conditions  of  Section  4.4  are  fully  satisfied. 
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Synthetic  aperture  techniques,  whereby  the  radar  images  taken  at 
periodic  intervals  from  a  moving  satellite  are  combined,  offer  a  means  of 
obtaining  the  necessary  resolution  in  one  dimension  (along  the  line  of 
satellite  motion).  However,  there  appears  to  be  no  means  of  synthetically 
achieving  the  same  resolution  in  the  lateral  direction  at  the  same  time. 

7.3.2  Conclusions 


The  size  and  complexity  of  the  equipment  is  beyond  the  capability  now 
being  considered  in  the  civil  sector.  A  20  MHz  requirement  for  this  system 
function  is  a  minimum  estimate.  While  it  is  very  early  to  recommend  specific 
spectrum  to  be  reserved  for  this  application,  a  possible  location  would  be  in 
the  1503  to  1610  MHz  band. 


7-20 


7.2.8  S;>ectral  Implications  of  the  Alternate  Concept 


Tixe  spectral  needs  for  the  surveillance  function  are  assumed  the  same 
.s  for  primary  Concept  2,  or  about  4  MHz  band  in  the  164G.5-1660.5  MHz  band 
and  about  1  Mir.  in  the  1545-1550  MIz  band.  The  spectrum  needs  for  the  other 
functions  .ore  also  the  same  as  those  of  the  primary  Concept  2  (see  Table  7.2 
oe low) . 


Noncoopernt ive  Surveillance  Concept  -  Concept 


Yo  jX>rforin  the  service  with  a  single  space-based  radar  would  imply  a 
•jo  slut  i> saury  satellite  of  immense  proportions,  far  beyond  the  current  state 
of  the  art.  For  example,  to  scale  the  50- foot  radar  to  provide  the  same 
Signal  at  geos  tat ionary  altitude  (25,000  miles)  'would  require  an  antenna  with 
a  liameter  of  150  miles  (not  to  mention  the  problem  of  maintaining  surface 
tolerances  of  a  few  inches  over  t'ne  span)  . 


A  better  approach  would  be  to  forsake  the  notion  of  making  angular 
measurements,  and  limit  the  radar  to  measuring  range,  which  is  not 
sig.ni  f  i cant  ly  affected  by  increasing  the  distance  to  the  aircraft.  In  this 
concept:,  several  radars  would  be  used  simultaneously  in  a  triangulation 
scheme.  The  antenna  diameter  would  then  \to  chosen  to  provide  one  aircraft  at 
a  time  m  a  ream  most  of  the  time. 


I f  such  an  option  were  pursued,  teclniques  would  have  to  lx?  available 
u  -/operate  largo  peak  powers  in  space.  Moving  target  indicator  (MTI) 
tec; uii cues  would  lx?  employed  to  reduce  clutter  from  the  earth,  which  would  be 
;:..,ch  worse  than  that  experienced  by  ground-based  radars. 


A  paused  array  design  would  be  mandatory,  in  order  to  provide  the  large 
mix'.  Ixmi.is  required  to  cover  the  QXJUS.  At  least.  4  channels  of  5  Miz 
<-.ic.i  i  s'  im.it  rd  ,u  a  minimal,,  to  ix_>  required  to  allow  different  channels  for 
of  . ni  ’..cent  Ix'ams. 
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o  Since  it  is  assumed  the  satellites  would  be  commercially  operated, 
new  channels  could  be  leased  as  surveillance  service  was  expanded, 
and  as  air  traffic  increased. 

o  The  service  could  be  readily  provided  outside  the  CONUS. 

The  scheme  assumes  about  1  MIz  in  the  1545-1560  MIz  band  for  the 
interrogation  message.  This  interrogation,  which  is  continuous,  establishes 
the  timing  of  the  aircraft  return  messages,  and  sets  up  conditions  for 
accepting  new  aircraft  onto  the  system. 

In  order  to  support  the  traffic  density  of  an  instantaneous  airborne 
count  of  50,000  and  provide  position  reports  every  second  in  high-density 
terminal  areas  (once  every  four  seconds  in  low-density  areas),  approximately 
1500  charnels  must  be  provided.  This  implies  a  total  bandwidth  of  15  MIz  in 
the  aircraft-to-satellite  direction.  Assuming  a  frequency  reuse  factor  of 
4:1,  approximately  4  MHz  would  be  required  to  support  a  system  of  this  type. 

It  is  estimated  that  approximately  1  MIz  wouldbe  needed  for  the 
sateliite-to-aircraft  direction. 

The  navigation  and  communications  systems  would  be  the  same  as  those  of 
the  pr i.iiary  Concept  2,  with  similar  date  traffic  loadings. 

The  curve i 1  lance  system,  as  pointed  out  .above,  would  not  provide  a 
crosscheck  on  aircraft  altimeter  that  occurs  with  the  primary  Concept  2,  but 
would  depend  on  the  aircraft  altimeter  to  obtain  positional  data. 

The  collision  avoidance  function  could  not  make  use  of  either  the 
navigation  or  surveillance  signals.  Thus ,  collision  avoidance  would  have  to 
'.jo  accomplished  in  a  totally  new  manner.  (There  is  the  possibility  of  timing 
the  reply  of  the  airborne  L-band  transponders  to  GPS,  rather  than  to  the 
sateliite-to-aircraft  signal.  If  this  were  done,  other  aircraft  could  obtain 
the  collision  avoidance  function  by  performing  ranging  on  the  other  aircraft's 
res;jonsos  to  interrogations,) 


o  *  a  *  r  1 1  c-  i  1  1  c  was  much  it.  ^  cn.i-'  it  ;s  today,  a  d  tne-  air 
traffic  controller  experienced  little  di  f  f  :  c:u?  ty  *  n  rainiaim  ng 
surveillance  over  aircrait  leaving  or  ap-roach ing  the  aerodrome 
lor  which  he  was  responsible.  It  was  tnererore  possible  give 
e a c n  aircraft  individual  attention  within  tr.o  1  in  tea  resources 
at  ms  Disposal  and  also  _o  into*  m  the  operator  or  ms  represen¬ 
tative  oi  aircrait  movements.  I r  s  r  etnod  of  operation  had  many 
drawbacks.  It  was  uncertain  and,  in  many  coses ,  resulted  in 
delays  which  were  costly  to  the  operator  and  inconvenient  to  the 
passengers .  It.  became  increasingly  obvious  that  last  minute 
neci sions  were  to  be  avoided  if  the  operation  was  to  provide 
*.  easonabi  e  services  and  economy 

As  a  result  of  the  demand  tor  bet  semices,  aeronautical 
facilities  improved  and  o.  orators  sought  means  of  providing 
better  t,l  anning  for  the  purpose  o:  increasing  regularity  of 
service  and  of  improving  trie  quality  of  information  exchanged 
between  departments  within  their  organization.  In  many  cases,  it 
was  lounc*  tr.at  it  was  not  adequate  to  await  the  oecisions  of  the 
pilot  in  command  concerning  tr  e  teasioiiity  of  operations.  Also, 
while  on  route ,  the  pilot  1.1  command  did  not  always  possess 
sufficient  i  n :  or  me.  t  i  on  in  the  cockpit  to  assess  changing  circum¬ 
stances.  Th . s  situation  be.  came  further  complicated  by  the  advent 
of  faster  and  more  complex  aircraft  and  accompanying  requirements 
for  greater  pilot  attention  to  tne  flying  technique. 

As  the  frequency  and  complexity  of  operations  increased,  so  did 
:ne  factors  that  had  to  be  cons ide red.  Eventually,  it  became 
richer  impracticable  or  impossible  for  the  pilot  in  command  to 
assess  clone  all  the  various  factors  requiring  cons:,  .eration 
tr.or  to  ana  curing  a  flight  operation.  Tms  resulted  in  advice 
he  .  ng  given  to  tne  pilot  by  qualified  personnel  on  the  ground. 

IT  i  s  system  of  advice  increased  tne  efficiency  of  flight  opera- 
-  -t  by  relieving  the  pilot  or  a  considerable  burden  and 
:i  .  I  owi  r.i,  consul  ration  and  decision  on  critical  issues  with  per- 
-n:.  •  1  who  had  available  to  them  more  factors  bearing  on  an 
a.  t-ru;  .or.  arid  who  were  able  to  keep  under  constant  review  and 
*  n.i  j  y  ire  a  whole  network  of  operations  of  which  any  particular 
.  light  was  only  a  part.  Thus,  teamwork  between  tne  pilot,  who  is 
-.t.rat.-iy  responsible  for  the  safety  of  the  aircraft,  and 
:-er  sonre  1  or.  the  ground  navmg  a  broader  view  of  the  operation, 
com  r i Ot  ted  considerably  to  the  Safety  ana  regularity  of  aircraft 
..per  a  t  ;  o.is .  ihe  advent,  of  improved  air-ground  communications 
.  i.:..,t'i)  ground  personnel  to  relay  adaitional  information  received 
a  t  t.e:  t  n<  aircra»t  was  aittotne,  thereby  increasing  the  value  of 
in-  hip.t  assistance. 

re.  ■  1 1  ■ ;  t  l  :,n  throughout  the  world,  tnererore,  has  developed  into 
a  concept  <  .f  sharer;  a  .'.vice  and  responsibilities  between  the  pilot 
-nr  r  roa.no  personnel  -  t  o  the  extent  of  cooperation  depending 
..or,  many  ;  act  oi  s  suen  ar.  tne  size  of  the  operation,  the 
f  ac  a  i  1 1  i  eu  available-  ann  the  system  of  operation  established  by 
.he  aircraft  ope*  at i nq  agency.  The  aircraft  operating  agency,  no 
'•utter  wrat  its  size,  is  primarily  responsible  for  conducting  his 


operations  with  safety  and  efficiency.  The  corollary  of  the 
operator's  responsibility  is  his  inherent  right  to  conduct  his 
operations  in  a  manner  which  he  deems  test  sc  long  as  he  conforms 
to  the  laws  and  regulations  of  the  State  of  Registry  of  f  is 
aircraft  and  those  of  other  State,  m  which  he  operates.  Factors 
affecting  the  exercise  of  responsibility  by  the  aircraft  operat¬ 
ing  agency  inc.ude  utilization  of  air^rart  and  flight  crews, 
complexity  and  density  of  fligr  t  operations  proper  passenger 
a cconmcca t 1 ons  ana  prote.tion,  necessity  fo  advance  planning, 
operational  maturity,  geograpnical  scope  of  operations,  unlawful 
interference  w  th  flight  operations,  m-flignt  maintenance  and 
medical  auvice. 

Today,  aeronautical  operational  control  communications  are  con¬ 
sidered  aeronautical  mobile  (R)  service  com.rr.uni  cat  ions  related  to 
regularity  of  flight.  These  non-public  communications  are  pre¬ 
requisite  to  tne  discnarge  by  aircraft  operating  agencies  of 
tneir  on ligation  to  exercise  authority  over  the  initiation, 
continuation,  diversion  or  termination  of  flignt.  Av 1  a t i on 
agencies  regard  the  term  'regularity  of  flight'  in  the  above 
context  as  entirely  acceptable  and  useful  to  distinguish  this 
type  of  communications  from,  'safety  of  flight’  communications,  in 
the  context  of  air  traffic  control.  In  this  context  the  term 
'flight  regularity'  looxs  upon  aeronautical  operational  control 
as  non-public  communications  related  to  the  safe,  efficient  and 
economic  operation  of  aircraft.  However,  aviation  has  evolved 
highly  complex  and  time  critical  operations  m  response  to  the 
traveling  public's  demand  for  more  comprehensive  services  to 
support  their  air  transportation.  The  associated  requirement  for 
communications  is  for  a  service  capable  of  providing  direct  voice 
and  data  communications  between  designated  officials  of  the 
aircraft  operating  agency  and  its  aircraft  to  best  fulfill  these 
service  needs. 

V r.e  situation  that  has  now  emerged  seems  quite  clear. 

Aeronautical  operational  control  is  recognized  by  the 
International  Civil  Aviation  Organization  (ICAO)  and  regional 
requirements  state  that  means  should  be  provided  to  permit 
aircraft  operating  agencies  to  exercise  such  control.  Most 
Administrations  have  provided  or  permitted  such  means  to  the 
extent  possible  and,  in  fact  accommodate  provisions  for  opera¬ 
tional  control  in  their  national  regulations. 

'izing  Spectrum.  Needs 

Thu  Significance  of  operational  control  communications  is 
reflected  by  the  consistent  growth  experienced  over  the  past 
years.  In  some  areas  of  the  world  today  a  major  portion  of  the 
available  VHF  channels  is  required  to  meet  the  needs  of  aircraft 
operating  agencies  for  operational  control  or  "Company  Communica¬ 
tions".  These  same  areas  are  faced  with  imminent  saturation  in 
both  operational  control  and  air  traffic  control  channels.  This 
growth  is  illustrated  in  Figure  1  which  shows  the  number  of 
operational  control  frequency  assignments  in  the  United  States  in 
recent  years. 
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Introduction  of  digital  data  communications  has  greatly  expanded 
the  effectiveness  of  operational  control  communications.  Figure 
2  shows  the  early  growth  in  use  of  the  VHF  ACARS  to  tne  present 
level  of  almost  It)  million  messages  per  year  within  the  United 
States.  Tr.t  same  figure  shows  the  growth  in  needs  estimated  by 
iin.ii.  A  cwrpatinle  network  began  operation  in  Australia  during 
15t>4  ii  a  d  will  oe  expanded  througnout  tne  Asia  cornoor  toward 
Japan  daring  1985. 

It.  snoaiu  be  noted  tnat  tne  introduction  of  digital  aata  on  VHF 
ha:,  supplemented,  but  not  replaced,  voice  communications.  This 
is  clearly  shown  m  comparing  Figures  1  and  2. 

']!;«.  pr  >"•  jeer  >  d  growth  in  aircraft  movements  is  shown  in  Figure  3. 
The  associated  communications  needed  to  improve  safety,  energy 
cornier  vut.  ion  a  no  operating  efficiency  are  summarized  in  Figures 
4  ,  n  and  t-  to  reflect  annual  increases  of  4,  5 ,  and  6  percent  in 

aircraft  movements.  The  new  trend  toward  the  introduction  of 
smai.er  aircraft,  including  the  use  of  two-engine  aircraft  in 
ocean l c  services,  make  these  estimates  conservative,  indeed.  The 
spectrum  needs  shown  in  these  tables  are  based  upon  total 
wor.ld*i.it  operations,  categorized  by  geographical  area.  The 
projected  needs  are  stated  in  radio  frequency  bandwidth.  The 
assurpr ions  include  a  frequency  reuse  factor  at  let st  equivalent 
to  that  achieved  today  in  the  areonautical  VHF  band  and  a 
continued  improvement  in  the  ratio  of  signal  base  band  to  radio 
frequency  occupancy.  This  is  optimistic  in  view  of  the  fact  that 
i- 1  e-  introduction  of  satellite  communications  will  impose  limits 
or:  irequency  reuse. 


'it)!'  onto  in  Figures  5A  and  5B  show  a  conservative  5  percent  per 
ve..  i  growth  rate  in  aircraft  movements  anticipated  in  the  years 
:  yji  .11.1  2b  Id  as  compared  to  1984.  The  data  show  the  aviation 
*.  p.-ct :  um.  r-ic.ng  will  be  dictated  by  the  traditionally  high 
o  r,:  .t-  ureas  of  operation  found  in  North  America  and  Europe. 

The  e;  nation  of  large  transport  aircraft  in  North  America  will 
.  .'quire  at  least  4.1  MHz  for .  operational  control.  While  the 
: : ow t ; ,  impact  uf  General  Aviation  is  less  certain,  and  their 
..errands  will  center  upon  Air  Traffic  Control,  the  conservative 
roil  in.;  factors  used  in  this  study  place  their  needs  for  opera- 
•  : on a  1  control  and  company  communications  at  1.5  MHz  for  voice 
a  ir.  the  year  2010.  The  combined  needs  will  be  5.6  MHz. 

'»he  sensitivity  of  these  projected  needs  to  variations  in  growth 
.  .  i.  id  i  careo  by  the  data  in  Figures  4A/4B  and  6A/6B.  The  results 
‘  *  .  red  in  Figure  4 u  show  a  more  conservative  annual  growth  of 

-  . "  :  cent  pe;  year  which  demonstrates  the  need  for  at  least  4.4 
Muz  i  y  \  ;.»■  yeai  2010.  A  growth  rate  of  6  percent,  only  0.5 
;  ■  .  .  c  :  aucce  tnat  projected  by  ICAO,  demonstrates  the  need  for 
1  M.cz  by  t  i :  e  ye.»i  2010  as  shown  in  Figure  6B.  Thus,  the 
!  t  o  t  rec.  i :  e  value  of  5.6  MHz  for  the  projected  operational 
ciotiol  co.i.ii'un  i  cat  i  on:; ,  with  allowances  lor  frequency  reuse, 
appeal  . .  properly  qualified. 


Conclusions 


The  ICAO  Future  Air  Navigation  Systems  (FANS)  ar d  RTCA  SC-155 
special  committees  are  in  the  midst  of  applying  the  "system 
design"  concepts  defined  by  ICAO  to  meeting  future  aeronautical 
communication  needs.  The  report  of  ICAO's  FANS/1  recognizes  the 
need  for  common  airborne  equipment  to  serve  Air  Traffic  Control, 
Aeronautical  Operational  Control  and  Public  Correspondence  func¬ 
tions.  As  an  example  of  the  benefits,  today  the  user's  mandatory 
carriage  includes  2  or  3  VHF,  2  HF  and  the  prospects  of  2 
satellite  plus  1  Public  Correspondence  suites  of  airborne  equip¬ 
ment;  a  total  of  7  or  8  separate  systems.  Future  carriage  of, 
say,  four  fundamentally  identical  systems  would  s igni f ican t ly 
increase  the  reliability  of  each  function  and  the  flexibility  to 
meet  peak  communication  demands.  Such  an  approach  would  save 
significant  energy  and  increase  aircraft  productivity  over  the 
useful  life  of  the  new  systems.  Incentives  such  as  these  are 
essential  to  future  progress. 

The  combined  future  worldwide  need  for  aeronautical  communication 
spectrum,  even  with  optimistic  estimates  of  system  design  and 
application  technology  appears  to  exceed  the  capacity  offered  by 
the  existing  Aeronautical  Mobile  Satellite  (R)  allocations  in  the 
present  ITU  Radio  Regulations.  A  cursory  test  of  this  conclusion 
is  to  compare  the  projected  needs  with  present  actual  usage.  The 
projected  5.6  MHz  is  less  than  double  that  of  the  3.2  MHz  in  use 
for  these  purposes  today. 
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Appendix  D 

Consideration  of  frequency  Reuse 


This  study  has  considered  a  frequency  reuse  of  four  in  its  final  determination 
of  frequency  spectrum  needs  for  the  year  2010.  The  net  effect  of  this 
frequency  reuse  factor  is  that  it  is  assumed  that  a  multi-beam  satellite  system 
would  bo  implemented  such  that  only  1/4  the  frequency  spectrum  would  be  needed 
relative  to  providing  the  same  level  of  service  with  a  single  beam.  What  would 
such  a  frequency  reuse  factor  imply  in  ternis  of  the  number  of  beams  necessary 
to  cover  the  continental  U.S.,  and  what  would  be  the  implications  in  terms  of 
system  service  flexibility?  The  following  example  and  discussion  address 
t.l  1050  • 

Suppose,  for  example,  that  there  was  a  need  for  a  communications  service 
totaling  1G  ilBPS  (million  bits  per  second)  for  the  continental  U.S.,  which 
translated  into  a  need  for  16  MHz  of  frequency  spectrum  (assuming  a  1  BPS  to 
1  Hz  translation  relationship).  Thus,  a  single  satellite  beam  covering  the 
U . S .  using  16  Miz  of  spectrum  could  provide  a  16  MBPS  service.  Considering  a 
frequency  reuse  of  four,  a  satellite  beam  configuration  would  be  needed  such 
that  an  equivalent  service  (of  16  MBPS  of  total  data  flew)  could  be  provided 
with  4  MHz  (i.o.,  16  MHz  divided  by  the  frequency  reuse  factor). 

I  f  four  I'-entis  could  be  configured  such  that  they  did  not  touch,  but  could 
cover  the  total  area,  then  the  frequency  reuse  factor  of  four  could  be 
s  it  is:' to  i  by  employing  the  same  frequency  in  each  beam,  each  providing  4  MBPS 

of  data  capacity: 


u ret  1  a.  - . 


'  TTV»'T 

1  U_u  .  ? 


Total  Area 


4  Bairns  N 
Total  Area, 


'i.fic  must  'tx?  a  continuous  service.  Therefore,  the  beams  must 
Thu;,,  adjacent  beams  cannot  be  assigned  the  same  frequencies. 
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Consider  that  the  4  MIz  of  spectrum  is  divided  into  four-1  MHz  parts, 
identified  us  1,  2,  3,  and  4.  If  each  piece  of  spectrum  is  assigned  to  a  beam 
providing  1  MBPS  of  capacity,  and  16  such  beams  axe  configured  to  cover  the 
continental  U.S.  such  that:  (1)  they  provide  a  continuous  service  through  beam 
overlap,  and  (2)  none  of  the  overlapping  beams  contain  the  same  frequencies; 
then  a  service  nearly  equal  in  capacity  to  the  16  MBPS  single  beam  service 
could  be  provided  (see  figure  below): 


This  degree  of  multi-beam  use,  about  16  beams,  is  estimated  to  be  needed  to 
effect  a  basic  frequency  reuse  of  four. 

System  flexibility,  however,  is  impacted  by  such  a  multi-beam  system.  In  the 
single  beam  coverage  case,  all  the  capacity  is  available  to  be  distributed  for 
use  in  'nigh  traffic  density  areas  and  low  traffic  density  areas  as  service 
demands  require.  However,  the  multi-beam  case  considered  above  satisfies  the 
total  service  demand  (i.e.,  16  MBPS)  given  the  assumption  that  the  service 
demand  is  evenly  distributed  across  the  total  geographic  area.  Bat  ^the 
con*  inent.il  U.S.,  probably  like  most  areas,  has  various  regions  that  have 
significantly  higher  service  demands  than  others. 

if  may  be  very  difficult  to  provide  a  significantly  higher  level  of  service  to 
an  area  covered  by  a  particular  bo.un  without:  (a)  implementing  additional, 
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unique  (i.e.,  different  than  the  frequencies  assigned  to  adjacent  beams ) , 
frequencies  to  the  beam,  (2)  sizing  the  system  30  that  the  peak  demands  of  the 
most  demanding  area  can  be  met,  or  (3)  utilizing  a  larger  degree  of  frequency 
reuse/number  of  beams,  so  that  the  system  flexibility  will  be  available  to 
provide  the  total  demand  in  a  more  adaptive  manner  analogous  to  the  single 
beam  case.  Alternatives  (1)  and  (2)  above  require  the  use  of  more  frequency 
spectrum  than  implied  by  the  frequency  reuse  factor  (i.e.,  resulting  in  a  net 
lower  frequency  reuse).  Alternative  (3)  requires  a  more  complex,  multi-beam 
satellite  system  than  implied  by  a  total  service  demand  (with  no  qualifications 
regarding  service  demand  versus  area  needs)  and  a  frequency  reuse  factor. 


